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PREFACE 



/ NDUSTRIAL Psychology and the Pro¬ 
duction of Wealth deals with one process 
only in the complicated series by which 
our wants are more or less adequately supplied 
—production ip the narrow sense of manu¬ 
facture. Great as would be the advantages 
of the application of science to this one pro¬ 
cess, there is an even greater need for its 
application to certain of the other processes 
of our economic life. There is need for the 
careful investigation of the savings which 
could be brought about by the scientific 
distribution not only of the products of in¬ 
dustry (technically a phase of production), 
but also of the profits thereof. The economic 
waste in each of these processes to-day is 
colossal. In the case of th^ distribution of 
products the classical example of the wasteful 
method of distributing milk in our great 
towns, as compared with the distribution of 
letters, may be cited. A hundred examples 
could be given of wasteful distribution of the 
profits of industry, of the giving of great 
rewards for little or no personal service in 
some cases and of rewards inadequate to^ 
provide an incentive, or even the necessary 
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viii INBUSTItlAL PSYCHOLOGY 

physical well-being, for efficient service in 
others. 

There is a tendency to eulogise too much 
the complicated machinery by which raw 
materials are brought from all parts of the* 
world, manufactured and distributed, ready 
for use, to the consumer, and to excuse 
defects on the grounds that, at any rate, " it 
delivers the goods.” Since the war broke out 
more and more serious defects have become 
apparent—it is doubtful if it can rightly be 
said even " to deliver the goods ” at present, 
and those which it does deliver it does so at 
a tremendous cost of human effort and with 
great loss of power. Several of these defects 
have been* touched upon incidentally, especi¬ 
ally in the last two chapters of this book. 
They call for scientific investigation and 
careful, systematic modifications in our eco¬ 
nomic structure. Unless these matters are 
attended to there can fee little hope of 
advancing far towards the realisation of the 
ideal of the aifiple provision for human needs 
with the least possible expenditure of human 
effort. 

H. D. HARRISON 
Anglo-Jugoslav Club, ” 

Beograd, 

August, 1924 , 
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CHAPTER I 

INDUSTRIAL PSYCHOLOGY AND SCIENTIFIC 
MANAGEMENT 

T he knowledge of causes and secret 
motions of things; and the en¬ 
larging of the bounds of human 
empire, to the effecting of all things possible " * 
was the not ignoble aim which Francis Bacon, 
the great father of modern sdfbnce, set for 
himself and his followers. In the pursuit 
of that aim the thinkers of some three cen¬ 
turies have revolutionised man’s ideas of 
himself and his environment, and have en¬ 
dowed their posterity with achievements more 
useful and more marvellous than all those 
of which the previous histoiy of mankind— 

* New Atlantis, an unfiniihed work, written circa 1613. 
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with its thousands of Vears, the rise and fall 
of civilisations and dynasties and the drums 
and tramplings of innumerable conquests— 
bears record. The scientists of to-day a«e 
pressing forward towards the same goal even 
more swiftly than their predecessors. 

One important indication of the rapidity 
of intellectual progress is that it has become 
a truism to say that fundamentally there is 
but one science of the universe. There seems 
to be a kind of Tom Tiddler’s ground on 
which the most advanced thinkers in every 
science uljimately find themselves to be tres¬ 
passing,' a coipmon centre upon which artists 
and scientists alike, starting from the most 
widely different premises and with apparently 
very diverse aims, find t\jemselves converging 
and to which the general name of Philosophy 
is commonl}^ given.* Thus'in the recent 
investigations* into the structure of the 
atom the physicist, chemist, mathematician, 
mechanician and metaphysician,* have all been 

* Cf. T. H. Pear " The Applications of Psychology to 
Industry ” in Industrial Administration, p. 25, " As sdmces 
progress they tend to smudge their own border lines." Cf. 
also McDougall An IntroduttUm to Social Psychology, p. 0. 

• Cf. Viscount Haldane's Address, N.IJ.P.J., p. 66. 

' Cf. Bertrand Rysseil, The New Leader. Feb. p-Mar. 

9 , < 933 . 
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engaged with remarkable success; while Mr. 
de la Mare has portrayed Poetry gazing fear¬ 
lessly into the eyes of" shaggy Science nosing 
ijji the grass ” and laughing aloud to find re¬ 
flected “ In those grey deeps the azure of her 
own.’’* 

Until man knows everything about every¬ 
thing, then, he will never know everything 
about anything ; and the realisation of this 
essential unity *01 knowledge may explain, 
and so put us on our guard against, the grave 
dangers both for science and for humanity 
which seem to result from comparatively 
great advances in one or two branches of 
science unbalanced by corresponding pro¬ 
gress in other fields of human knowledge. 
The scientific discoveries and mechanical in¬ 
ventions of the eigliteenth century exploited 
by the baser passions of selfishaess and greed, 
and unaccompanied by Sny of the knowledge 
of psychology and physiology and undeterred 
by political, social or humanitarian considera¬ 
tions, produced the squalor and misery of the 
Industrial Revolution.* And to-day some of 

* Walter de la Mare, Tie Happy EttcounUr, pbema, 
1901-1918, Vol. I, p. 73. 

* Cl aiao Industrial Efficiency aM Fatifue, p. i6. 
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our publicists^ are warning us that the 
enormous increase in man’s control over 
physical force which is a distinguishing feature 
of recent years, if unaccompanied by a wid^ 
spread improvement in the education and 
moral character of mankind, may end in the 
self-annihilation of civilised society. 

Hence we cannot but be thankful for any 
tendencies in modem scientific thought which 
promise to redress the balance overweighted 
by previous concentration on only one or two 
aspects of human knowledge. The nineteenth 
century was the Age of Mechanics ; the twen¬ 
tieth bids fair to become noteworthy as the 
Age of Psychology. But recently acknow¬ 
ledged as a science. Psychology has extended 
its sway from the conspious states of the 
human mind, to which it was limited a decade 
or so ago, ove>the realms of the subconscious 

C 

and even the unconscious. It has shown the 
inter-relation between body and mind to be 
far more wonderful, more complicated and 
more subtle than would have been credited 
by either the psychologist or the physiologist 
of the nineteenth century. It has invaded the 

* e.g, H. G. Wells, The Salvaging0/Civilisation; Norman 
Angel, the Webbs and the late Frederic Harrison. 
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realms of art—do not our shelves groan under 
the burden of psychological novels which 
trace through sequel after sequel the history 
^f one man’s schooldays and adolescence and 
leave him still in his prime after traversing 
half a dozen weighty volumes ?* A few 
months ago our bookshops were besieged by 
people who wanted works on Psycho-Analysis 
and dream-interpretation; while Freud’s 
name is for eve*r on the tongues of modem 
educationists. 

It is not surprising, then, to find that the 
psychologist has entered the factory with his 
apparatus, his tests and his notebook, and 
has begun to apply to industry the new and 
highly specialised knowledge of human be¬ 
haviour and the functioning of the mind of 
man which the new psychology* has made 

available. * 

• 

The applications of psychology to industry 
are literally innumerable, and it is no exag¬ 
geration to say that, scientifically applied, 
this new knowledge will revolutionise man’s 
economic life. It promises to increase pro- 

* Cf. Michael Fane in Compton Mackenzie's SinisUf 

Street, 1 and II, Guy and Pauline, Sylvia Scarlett, Sylvia 
and Michael, etc. « 

• Cf. Drever, The Psycholosy of Industry, pp. 137-129. 
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duction without increasing effort and while 
decreasing discontent and unhappiness. By 
so doing it will promote welfare and enrich 
life not for any section of the people alondT 
but for the community in general. 

Yet the benefits that Science can bestow 
upon Industry, so obvious to the onlooking 
philosopher, are apt to be suspected if not 
altogether denied by the working classes. 
Not without reason, perhaps* they fear their 
economic superiors, " even bringing gifts ” ; 
and they have not forgotten “ the tragedy 
that seemed to set science in the lists against 
happiness and knowledge against freedom.”* 
And just as the newly invented machines, 
doing in one hour work that formerly took 
ten hours, and giving to the educated observer 
visions of an Eldorado rich beyond the dreams 
of avarice, seemed to^the Luddites of i 8 ii to 
threaten only economic enslavement, so the 
American Scientific Management Movement 
has aroused in the minds of many of the 
workers such grave distrust as to defeat its 
own ends. Nevertheless any attempt to 
estimate the economic importance of Indus¬ 
trial Psychology must include some reference 

* J. L. Hammond, Tht Skilled Labourer, IJ60-1S32, p. 4. 
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to the pioneer work done by Frederick 
Winslow Taylor and his disciples and suc¬ 
cessors. 

« The term " Scientific Management ” has 
been very prominent in the United States 
throughout the last dozen years,* and although 
the name is now disappearing, borne away on 
the tide of new names, new ideas, new move¬ 
ments with which America seems to be in¬ 
undated every twenty years or so, the funda¬ 
mental ideas of the movement live on and 
are to be traced in the activities of the 
“ Efficiency Engineers,” in the ” Personel 
Administration ’’ Movement, and even to 
some extent in such schemes of ” Industrial 
Democracy " as Mr. Leitch outlines in his 
Man to Man* These fundamental ideas are 
concerned with what may be termed the 
" administration ” of factories as distin¬ 
guished from the commercial policy and 
technology.’ This is a matter which has been 

■ Sir Wra. Ashley. Scientific Management and the En¬ 
gineering Situation. 

• Man to Man, J. Leitch, Putnam, 1920. Although 
Mr. Leitch's method are widely diSerent from those ol 
Mr. Taylor, the fundamental idea of eliminating the waste 
of misdirected human effort was suggested by the Taylorian 
experiments. 

’ Sir IPm. Ashley, op, cit., p. /. 
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grossly neglected, esjJecially in England, with 
the result that great and indefensible wastes 
of human effort occur. “ Scientific Manage¬ 
ment ” aims at preventing these wastes hy 
getting " the right man to use the right tools 
in the right way under the best possible 
conditions. According to the principles laid 
down by the best exponents of Scientific 
Management, there are two distinct stages to 
be observed in the introduction of the new 
system ; the first consists in reorganising the 
factory from the point of view of the material 
conditions; the second in changing the 
methods of work, the hours of labour and the 
distribution of work and rest periods, in 
trying to apply human effort with the same 
economy and scientific accuracy as we have 
been able to apply machine power. 

It is in dealing with the problems presented 
by the reorganisation*of the material factors 
that the Scientific Management movement 
has had its greatest successes. - Its influence 
in this direction has been all for the good. 
It has insisted on the careful study of the 
organisation of the factory from the point of 
view of saving unnecessary expenditure of 
' ]. A. Hobson, With and Wealth, 1914, p. 204. 
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human effort such as is incurred when, in the 
course of manufacture, an article is taken from 
end to end of a large factory several times to 
■ndergo different processes when it might 
have been arranged that the different machines 
should be placed in the order in which the 
processes had to be perfonned and one passage 
through the factory would have sufficed.* 
Great savings have been made by proper 
" routing ” ; by wise placing of store rooms, 
offices and machinery; by insisting on the 
use of the best machines and tools for every 
purpose ; by the prevention of lost time in 
innumerable ways; and by the prompt 
adoption of labour-saving devices. The work 
of the Planning Department has been very 
valuable in this direction and an enormous 
advance on the old haphazard methods which 
held the field before. Qreat attention has 
been paid, too, to the discovery and applica¬ 
tion of the best processes, and the best ways 
of running the different machines. Taylor’s 
work on the best methods of cutting metals* 

' Cf. S. Webb, ne WorAi Manager of To-day, p. 133, 
Sir Wm. Ashley, op. cit., p. 8, and Notes on Commerce, II, 
Taylor, The Prtnctples of Scientific Management, which 
gives the " philosophy ’’ of Scientific Jlanagement, 

• Taylor, Principles of Scientific Management, p. 100. 
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» 

produced highly beneficial results—the same 
machines directed by the same operatives 
but using the slide-rule, which enabled them 
to arrange the speed and feed of the machiafe 
to the best advantage for different metals, 
were able to produce from two-and-a-half to 
nine times the output without adding to the 
effort or the overhead expenses. The changes 
which were introduced in this first step to¬ 
wards Scientific Management were not by any 
means new—the only difference was the com¬ 
pleteness and minuteness with which all the 
equipment of the factory was overhauled in 
order to get as far as was possible by such 
means the conditions of maximum efficiency 
for each worker. 

The greatest difference between the older 
types of management and that introduced by 
Taylor was fn the careful examination which 
was made of those factors which directly 
affect the efficiency of the " human machine'" 
—^the methods of work, the arrangement of 
tools and materials on the work bench, the 
height of the bench, the percentage of time 
“ under load " and the distribution of natural 
rest pauses, the best possible combination for 
each kind of work of rest and activity, the 
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hours of labour, the system of payment, and 
the effects of changes in these variants on 
that efficiency. Looking at the work of 
Iftiylor, Gantt and Emerson in this direction 
in the light of the latest developments of 
psychological and physiological knowledge, 
it is fatally easy to underestimate the import¬ 
ance of the pioneers who called attention to 
the need for research into these matters if 
only by their mistakes in attempting to 
eradicate the evils consequent on past neglect. 
In so far as they insisted on the application 
of knowledge based on experiment to the 
determining of hours of labour, and showed 
the advantages to be gained by properly 
arranged intervals for rest and refreshment, 
they opened a new fkld for the investigations 
of psychology. In so far as the^ insisted on 
the evil effects of rate-cutting and showed 
that high wages do not of necessity mean 
high labour cost per unit of output, their 
influence was in the direction of a better 
understanding between employers and workers 
and the realisation of the fundamental neces¬ 
sity for friendly co-operation as the basis for 
real efficiency. And in so far as their minute 
study of each job, their analysis and synthesis. 
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their time and motion study, were carried out 
with the idea of avoiding waste and not of 
" speeding up " tlie workers, they were all to 
the good. Their insistence, too, on the prilP 
ciple of scientific selection of those workers 
whose ability and physique most fitted them 
for the job pointed out for investigation one 
of the greatest wastes of human effort, and 
althougli, as in many other points, too, their 
practice was not up to their theory, yet their 
title to fame must rest upon the principles 
they enunciated and the stimulus which they 
gave to truly scientific investigations into the 
most efficient way of applying human energy 
to industry rather than on the actual results 
which they achieved. 

Having paid tribute Jlo the value of the 
work of the pioneers of the " Scientific 
Management ” Movement, we must consider 
their failures, so that from their errors we 
may gain at least a negative form of wisdom. 
With the exception of the Gilbreths, who 
seem to me to stand apart from the main 
group of American Scientific Management 
experts, the Taylorians were crude in method 
and “ profoundly ignorant of the broader 
humanitarian and social problems which 
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Scientific Management creates and involves.’’* 
They had no understanding of “ the aims, 
attitudes, problems, standards and ideals of 
tke workers whose needs and welfare and 
sense of justice they easily assume to interpret 
and to be able to satisfy.” Even in the 
United States, where industrial legislation, 
racial and linguistic differences and an en¬ 
tirely different and less complete set of 
traditions make Trade Unionism compara¬ 
tively weak and enable the employer to try 
such experiments more freely than in this 
country, Scientific Management aroused the 
opposition of the workers. This opposition 
was so intense that it actually led in 1915 to 
an amendment to the Army Bill being 
accepted, stipulating Biat none of the moneys 
voted therein should be available for the 
salary of any time study expert^or for the 
payment of any bonus ?o an employee in 
addition to his regular salary.’ This was the 
sequel to an investigation into a so-called 
Taylorian system introduced by General 
Crozier at the Watertown Arsenal during the 
period 1909-1911, and to a subsequent wider 

' Hozie, ScUnlific Management and Labour, p. izo. 

• Uiucio, Lectures on Industrial Psychology, p. 233. 
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investigation made iJy Professor Hoxie, Mr. 
Valentine, an employer’s representative, and 
Mr.Frey,a representative of organised Labour. 
The report of this “ Federal Commission 
Industrial Relations ”* seemed to show that 
while there are many sound principles advo¬ 
cated by the Scientific Management experts : 

1. The practice of Scientific Management falls 
very far short of the principles, and in many respects 
fails entirely to su bstantiate its claims to be scientific. 

2. Even if the theory were fully and properly 
applied it would inevitably result in a great loss of 
bargaining power by the workers, whose hostility 
is fully justified under a system under which the 
standard of living depends so largely on the relative 
bargaining power of workers and employers. 

It is not necessary here to go into the details 
of Labour’s case against Scientific Management 
as set out i^this report. Opr purpose will be 
served by quotings few of the conclusions 
reached. “ In practice scientific management 
must therefore be declared autocratic, in ten¬ 
dency a reversion to industrial autocracy , . . 
which forces the workers to depend on the 
employer’s conception of fairness and limits 
the democratic safeguards of the workers.”* 

‘ Published as R. F. Hoxie’s Scientific Management and 
Labour, * « Hoxie. op. cit., p. ita. 
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Furthermore, the intense specialisation of 
the workers and the gathering together of the 
craft knowledge which was once the monopoly 
^ the craftsmen but becomes the monopoly 
of the employers “ tends to break down exist¬ 
ing standards and prevent the establishment 
of stable conditions of work and pay.’’* The 
general conclusions agreed upon by all three 
members of the Commission were as follows :• 

" Two essential ^ints stand forth. The first 
point is that Scientific Management, at its best and 
adequately applied, exemplifies one of the advanced 
stages of the industrial revolution which began with 
the invention and introduction of machinery. 
Beca\tse of its youth, and the necessary applications 
of its principles to a competitive state of industry, 
it is in many respects crude, many of its devices are 
contradictory of its announced principles, and it is 
inadequately scientific.* Nevertheless it is to date 
the latest word in the sheer mechanics^f production, 
and inherently in line with tli# march of events. ...” 

" The second point is that neither organbed nor 
unorganised labour finds in Scientific Management 
any adequate protection to their standards of 
living, any progressive means for industrial educa¬ 
tion. or any opportunity for industrial democracy 
by which Labour may create for itself a progressively 
efficient share in efficient management. And, there- 

* Scientific Management and Lfbonr, p, 137, 

• Ibid., pp. 137-139. 
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fore, as unorganised Labour is totally unequipped to 
work for these human rights, it becomes doubly the 
duty of organised Labour to work unceasingly and 
unswervingly for them, and, if necessary, to combat, 
an industrial development, which, not only do^ 
not contain conditions favourable to their growth, 
but, in many respects, is liostile soil.” 

In comparison with the position in the 
United States organised Labour in England 
is very strong. The principle of collective 
bargaining is accepted unqtiestioningly, even 
by employers themselves, and the adjustment 
of wages in this country is in the main 
industries settled by organisations working 
on this basis. This was the soil into which 
was cast the seed of a system avowedly 
hostile to collective bargaining.* Even if it 
had not been for the Hoxie report, which 
gave a very, strong lead to, British Trade 
Unionists oft this matter, the attitude and 
style of Taylor would have aroused great 
hostility among them. Mr. Gilbreth, speak¬ 
ing of Taylor, is reported to have said, " Talk 
about anyone having a bump of tact—why, 
he hadn’t so much as a pimple of it.”* The 
account which he gives of his conversation 

* Cf. Taylor, Shop Managetfunt, pp. 69, 183 and else¬ 
where. • 

• Gilbreth to Dr. Myers. 
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with Schmidt, " the little Pennsylvania 
Dutchman,” is sufficient to bear out Gilbreth’s 
statement. It is not, it seems to me, so much 
'?he principles underlying Scientific Manage¬ 
ment to which Labour is opposed, but rather 
the attitude of those who advocated it, and 
first installed it. The effect of such state¬ 
ments as “All employees should bear in mind 
that each shop exists first, last and all the 
time, for the purpose of paying dividends to 
its owners,”! and " By high wages he means 
wages which are high only with relation to 
the average of the class to which the man 
belongs and which are paid only to those who 
do much more or better work than the 
average of their class,”* is to cause Scientific 
Management to be aesociated very strongly 
with the worst elements of the^ system of 
industrial organisation which they detest. 
This is strengthened into a certainty that 
Scientific Management will end in " speeding 
up ” and driving by the suggestion of Taylor 
that Schmidt was not doing a full day’s work 
because he was able to trot home after his 
work and had actually sufficient energy left 

• Taylor, Shop Mattagemml, 143. 

• Jbii., p. 27. 



18 INDUSTRIAL PSYCHOLOGY 

to be engaged in building himself a house in 
his spare time. Taylor would have a task 
set which would be a " big day’s work 
“ each man would be called upon to turn oift^ 
the maximum amount of work a First Class 
man of his class can do and thrive,” and the 
management is to be sole judge as to whether 
he is “ thriving.” The suggestion is that the 
workers are to devote their whole lives and 
energies to work—to live fo work instead of 
working to live. Taylor’s claim to be an 
impartial scientific investigator seems ludi¬ 
crous when he says “ it does not do for most 
men to get rich too fast,”* and again, "The 
exact percentage by which the wages must be 
increased in order to make them work to 
their maximum is not a subject to be theorised 
over, settled by Boards of Directors sitting in 
solemn conclave, ppr voted upon by Labour 
Unions. It is a fact inherent in human 
nature,”* but persistently applies this to 
workmen and wages only. The impartial 
scientist would surely have investigated the 
effect of the rapid increase of riches which 
resulted from the application of " scientific " 

‘ Principles of Scientific Management, p. 74. 

■ Shop Management, p. 25. 
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methods, on the shareholders who received so 
disproportionate a share of the savings, and 
would have found the exact percentage by 
'IVhich the dividends must be increased to 
obtain the necessary amounts of capital. 
Instead, wd find him boasting that by intro¬ 
ducing liis plan he had increased the average 
daily output of men shovelling different 
materials from i6 to 59 tons a day, reduced 
the number of men required from about 500 
to 140 and saved for the company between 
75,000 and 80,000 dollars, wliich means that 
the extra profits to the company would equal 
the total wages bill for the year of the men 
on whose work the amount was saved.' 
There is small wonder, therefore, that " in 
Trade Union circles, Scientific Management 
as understood in the U.S.A. is looked upon 
with considerable suspicion, andT in certain 
quarters a rather cynical attitude has been 
developed towards it."’ 

If we wish in England to apply the truly 
scientific knowledge of psychology and phy¬ 
siology, so wonderfully expanded and de- 

* Cf. J. A. Hobson, Work and Wealth, p, 207. 

• Letter received from Mr. F. Bramjey, Aasistant Secre¬ 
tary to the Trades Union Congress General Council. 
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veloped during the war period, to industry 
and commerce in order to eliminate the 
incalculable wastes of human effort which 
add so greatly to the “human costs”* df 
production, impoverish our people, and tend 
to prevent the development of a fuller, happier 
life, surely the ultimate aim of economic 
activities, we must avoid not merely the 
errors but the very suspicion of association 
with Scientific Management as understood in 
the U.S.A. An authority* has informed me 
that “ there is, however, no prejudice in 
Trade Union circles against increasing in¬ 
dustrial efficiency, providing no attempt is 
made to speed up the workers in the direction 
of sweating, or to treat them as machines in 
the way of using thern as elements in pro¬ 
duction to- be manipulated and dovetailed 
together regardless,of human relationships." 
That humanism which is so marked a feature 
of the Labour movements throughout the 
world,* “ while approving the application of 

• For this use of " human costs," apart from economic 
costs, see J. A. Hobson's Work and Wealth —a Human 
Valuation, pp. 1-19 and 60-72. 

• Mr. Fred Bramley, see footnote No. 2, p. 19. 

• Cf. McKillop on Trade Unions, Efficiency Mefhodt, 
pp. Ij9-i86, N.B. p. 178. 
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science to the arts of production and con¬ 
sumption, insists that it shall be shown to 
be the servant, not the master, of humanity.’’* 
The fundamental difference between Indus¬ 
trial Psychology and Scientific Management 
is the different attitude of the former towards 
the problems with which it deals. During the 
war period psychologists and phj^siologists 
were called in to help to obtain the maximum 
production of materials from the munition 
factories which could be maintained for 
months or even years. Throughout their 
investigations they showed themselves every¬ 
where the friends of the workers, and to this, 
no doubt, owe much of their success.* Their 
work is being carried on to-day by the 
National Institute of Industrial Psychology, 
and with so much tact and real success that 
their investigators have in man^ cases re¬ 
ceived the spontaneous tlianks of the workers 
involved.* This difference in attitude has 
been appreciated and expressed by many of 
the leading advocates of the application of 

» J. A. Hobson, op. cit., p. 225. 

• Cf. Reports of the Industrial Fatigue Research Board 
and of the Health of Munition Workers' Committee. 

' Cf. Journals of the National Ifstitute of Applied 
Psychology, e.g. pp. 61 and 169. 
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science to management in this country. Sir 
William Ashley* has shown that in important 
respects the teachings of Taylor are out of 
harmony with the best English tradition^ 
Dr. Myers* repeatedly insists that where there 
is danger that the workers may be put in a 
position which is less easily defended from 
oppression or autocracy, or where they are 
subjected temporarily to the danger of un¬ 
employment through no fault of their own, 
extra safeguards must be given to them before 
any changes are made. In a paper which he 
read before the British Association* he pointed 
out these differences more particularly. He 
showed that the Industrial Psychologist " is 
diametrically opposed to Taylor’s ideal ”... 
that under present conditions " the managers 
assume . . . the burden of gathering together 
all the tra*ditional Jcnowledge which in the 
past has been possessed by the workmen ” ;* 
that the ” quest of the Ope Best Way ” 
advocated by the Gilbreths was unscientific ; 
that the Trade Unions of this country should 

> Scienlific Management and the Engineering Situation. 

' Mind and WorA, and in lectures and articles in the 
N.I.I.P.J. 

• N.I.I.P.J.. pp* 168-172. 

* Taylor, The Principles 0/ Scientific Management, p. 36. 
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make it one of their functions to* inqtiire 
into the best methods of work and of train¬ 
ing ; that the field of investigation to which 
the scientific manager was limited is too 
narrow, and the industrial psychologist may 
find it essential to extend the scope of his 
inquiry to include ethical and economical 
aspects of the operations he is studying ; and 
that the mechanistic standpoint of the effi¬ 
ciency engineer who expected men to behave 
tike machines, turning out a constant hourly 
output throughout the working day, showed 
gross ignorance of psychological and physio¬ 
logical facts. 

The British attitude to the different fea¬ 
tures suggested by the “ Scientific Manage¬ 
ment ” school was ably expressed by Mr. 
E. Farmer in a • paper read before the 
Physiological Section at the Edinburgh meet¬ 
ing of the British Association.* “ We have 
three choices open to us: 

r. Unreconcilable hostility to the study. 

2. Approval of its present form. 

3. Scientific inquiry into its possibilities. 

The first attitude is one that can only be 
adopted by those who are adverse to any new 
' pp. ie-22. 
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developftient in industry; and the second can 
only be adopted by those who regard cheap 
production as of greater importance than 
human happiness and human health.” The 
third method is the one which we must adopt 
in this paper, first of all taking each division 
of the subject and showing the discoveries 
which have been made and the particular 
economic results likely to follow their applica¬ 
tion to industry, and thep estimating the 
changes which are likely to be produded in 
our economic organisation by the general 
application of all this knowledge of the 
psychological effects of industrial processes. 



CHAPTER II 


VOCATIONAL SELECTION AND GUIDANCE 

F or many years now educationists 
have been experimenting in the appli¬ 
cation of psychology to the problem 
of discovering and measuring mental capacity 
or “ general intelligence.” At first they made 
little progress and met with much hostility, 
but in recent years their successes have been 
so great and the acceptance of psychological 
tests as a measure of intelligence has become 
so general that it has become necessary for 
psychologists to warn enthusiastic education¬ 
ists that as yet such tests are fSr from in¬ 
fallible and must not be used as the sole basis 
for important decisions.* Among the most 
valuable contributions to industrial progress 
made by the “ Scientific Management ” school 
in America was the emphasis which they put 

* Cf. Crosby Chapman, " The Unreliability of the 
Difierence between Intelligence Ratings and Educational 
Ratings," Journal of Educational Psychology, Feb., 1923. 
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upon the necessity for scientific selection of 
the most efficient workers for each kind of 
work. In the oft-quoted case of Pig Iron 
Handling at the Bethlehem Steel Works,* 
Taylor’s first step was to select the right kind 
of worker, and although his insistence on 
employing only first-class men which necessi¬ 
tated the dismissal of seven out of eight of 
the men who had previously done the work 
would be impossible if scientific selection be¬ 
came general, the results of liis experiment 
showed the gains in efficiency which such 
selectioh helped to make possible. From the 
scientific point of view the value of this ex¬ 
periment and the equally familiar one carried 
out by Thompson at a Bicycle Ball Factory* 
is seriously diminished by the introduction of 
several changes at the Same time, so that it 
is impossible to judge how much of the saving 
in time and effort wllich resulted in this second 
case from shorter hours, the introduction of 
rest periods, better methods of work and 
selection of the workers who had a low re¬ 
action coefficient, was due to such selection 

* Taylor, Principles oj Scientific Management, pp, 58-64. 

' Given by Taylor, I^inciples of Scientific Management, 
pp.86-97. * 
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and how much to the other changes. The 
investigation into the practice of “ Scientific 
Management ” shops carried out by Hoxie' 
showed that these did not justify the claims 
made—that workers were " scientifically " 
selected, and it has remained for the Industrial 
Psychologists to devise means whereby the 
enormous waste of efficiency which results 
from wrong choice of occupation and the 
employment of workers who might be highly 
efficient at some other work in an occupation 
for which they are not fitted’ may be avoided. 
The extent of such waste at present is far 
greater than is popularly imagined. It has 
been estimated that in the United States 
alone "it would be possible to increase the 
national wealth b^ $70,000,000,000 each 
year by properly fitting every man, woman 
and child to the kind of work each could best 
perform.”’ Instead of attempting to do this, 
however, at present boys and girls are guided 
in their choice of a profession by untrust¬ 
worthy advertisements, by suggestion, imita- 

’ Hoxie, Scientific Management and Labour. 

’ " That excellence of work intimately and inevitably 
depends on the well-being, interest and suitability of the 
worker is now generally recognised," j). i, N.I.I.P.J. 

• New York Tiniee, quoted, p. 76, N.I.I.P.J. 
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tion, desire for immediate material gain, or 
purely accidental circumstances, ‘ taking the 
first opening which presents itself, and the 
boy who might have been a highly efficient 
engineer becomes an unsatisfactory and dis¬ 
satisfied clerk, while the boy who might have 
become an efficient clerk and done the work 
in half the time is condemned by chance to 
waste his talent as a plumber’s apprentice.* 
Moreover, it has been found that " in so far 
as a man does work for which he is naturally 
most fit, he works easily and with relatively 
little fatigue, since he moves along the lines 
of least resistance,”* and on the elimination 
of unnecessary fatigue depends the future of 
industry.* The enormous waste of the present 
chaotic selection of workers lies in its dis¬ 
regard for individual differences. “ For each 
individual,'^ Dr. Myers has said, “ there is 
one occupation more*suitable than any other, 
and in every occupation some succeed better 
than others owing to wide mental and physical 

• a. N.I.I.P.J.. p. 29. 

• Cf. Muscio, Lectures on Industrial Psychology, p. 105. 

• Muscio, Lectures on Industrial Psychology, p. 107, and 
also I.F.R.B., X. quoted Chapter III. 

• Cl. Chapter IIJ, also Stanley Kent, " Industrial 
Fatigue," p. 187, Industrial Administration. 
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differences.”* It has been found that tests 
for speed in feeding machines correlate highly 
and positively with known fitness of the sub¬ 
jects for a slow-running or a fast-running 
machine in the factory, and that a worker 
who is below the average on a slow-running 
machine may be considerably above the 
average on a fast-running machine.* The 
economy which would result from finding for 
which type of machines a worker was fitted 
and employing him on that type is obvious. 
In the course of an investigation into the 
Tin Box Industry undertaken on behalf of 
the National Institute of Industrial Psy¬ 
chology* it was found that workers engaged 
in soldering boxes, some of which were round 
and others angular in form, found greater 
difficulty in one type of work than in the 
other, and the data obtained jlVoved that 
some found greater difficulty in doing one 
type and others in doing the other type. By 
arranging that those workers who naturally 
moved their hands more easily in circles 
should be employed on round tins, and those 
who found it easier to move along straight 

* Myets, Mind and Work, p. 85. • Myers, op. cit.,p.gj. 

• ■■ An Investigation into the Tiin Box Industry,” 
E. Farmer and R. St. C. Brooke, N.IJ.P.J., p. ii. 
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lines should be employed on angular tins, 
much unnecessary fatigue was eliminated and 
greater satisfaction was obtained from their 
work. Another way in which vocational 
selection can eliminate waste is by lessening 
the avoidable labour turnover. Dr. Myers 
has estimated that in the case of factories 
where women are employed the rate of labour 
turnover is usually from 50 per cent to 300 
per cent*—that is to say, m order to keep a 
staff of 100 workers, from 50 to 300 workers 
have to be engaged each year. A high rate 
of labour turnover is due largely to unsatis¬ 
factory conditions and unsuitability of workers. 

A recent inquiry into the loss which is occa¬ 
sioned by labour turnover* has shown that, 
while in the case investigated, the average 
length of stay of workers leaving within two 
years was weeks (and this average was 
high because of a number of workers who 
stayed twenty-six weeks), the average daily 
output of workers increased steadily up to 
the twentieth week after they were engaged 
and afterwards remained approximately level. 

* Dr. Myers, Mind and Work, p. 8j. 

• " An Inquiry into Labour Turnover.” N.I.I.P.J., 
pp. 103-107. 
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The loss in potential output owing to workers 
leaving and new workers having to be engaged 
was 26,520 units—equivalent to an output of 
approximately eleven days' work from each 
of the workers who left. To this direct loss 
can be added the indirect losses which are due 
to the increased amount of work spoilt by 
new workers ; the lime wasted by the fore¬ 
man in interviewing new-comers and super¬ 
vising their work ; tlic unsettling of the 
department by the constant coming and going 
of new workers, which seems to encourage 
others to leave ; the imjKissibility of develop¬ 
ing that esprit dc corps which is so important 
in the administration of a factory ; the diffi¬ 
culty in getting new workers when once a 
works gets the name for not keeping its 
workers long and the extra clerical work which 
is involved in taking on new vTorkers and 
entering up their records. The investigator’s 

f oclusions were that “ considerable impreve- 
ent could be effected if more careful inquiries 
were made before engaging new hands; a 
• proper system of vocational guidance would 
help in this respect,but there was also need 
for changes in the conditions of work.* 

* N.I.I.P.J.. p. 107. • Cl. Chapter IV. 
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The Committee on the Elimination of Waste 
in Industry of the Federated American En¬ 
gineers Society in their report draw attention 
to the bad effects on output which follow the 
worry and uncertainty of employment in such 
trades as the building trade in which, it is 
reported, one worker worked for seventy-six 
different contractors and was hired io8 times 
in the course of five and a half years. They 
also give an expert’s estimate of the average 
annual waste in the metal industry alone, due 
to avoidable labour turnover as $100,000,000.* 
Dr. Myers has suggested that the wrong choice 
of occupation is at the root of a great amount 
of present-day misery and that tlris is one of 
the factors in the production of industrial 
unrest. To this great accumulation of waste, 
due entirely or in part to lack of vocational 
guidance and selection, must be added the 
waste due to accidents resulting from unsuit¬ 
ability and from the high rate of labour turn¬ 
over which is in part due to the unsuitability 
of the workers engaged in an industry. Drever 
has drawn attention to the fact that not only 
profits and the worker’s happiness depend 

‘ " Waste in Intfustry," by the Committee on Elimina¬ 
tion ol Waste, etc., quoted N.I.I.P.J., p. io6. 
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upon the selection of the right grade man for 
each job, but also the lives of fellow-workers 
in many cases.* Dr. Vernon gives striking 
confirmation of this statement.* " In one 
trade,” he says, “ on an average accidents 
were five times more numerous during the 
first day’s work than in the next five days, 
and subsequently they dwindled so rapidly 
that in the last six months of the year they 
were 255 times less frequent than they had 
been on the first day.” An American investi¬ 
gation showed that 67-95 per cent of those 
leaving during the year left during the first 
three months of employment,’ so that the 
probability of accidents was far higher than 
it would have been had the labour turnover 
been less high and the length of service longer. 
The present method'of chance selection is 
shown, therefore, to be a source of iftefficiency 
and a cause of waste of material goods, human 
enfergy and even human life.* 

* Drever, The Psychology of Industry, p. 23, 

• Dr. VemoD, " Industrial Fatigue and Efficiency," 
quoted N.l.I.P.J., p. 45. 

• V.S. Public Health Bulletin, cvi. quoted N.I,I,P,J,, 
p. 202, cS. l.F,R.B., xiii, p. 29. 

* Further confirmation of Dr. Vernon's statement ia 
given in the account of an investigation into the number 
ti brenVages in the catering trade. Many instances occurred 

3 
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The problems which are presented to the 
Industrial Psychologist in seeking to apply 
his science to Vocational Selection can best 
be considered in two classes : 

(a) Those which are related to the question of 
selecting from a number of applicants, who claim 
to be trained, those most suited for the particular 
job. 

(b) Those related to the question of testing the 
initial capacity of untrained individuals, so as to 
select those most fitted for training in a particular 
industry, or branch of an industry. 

In the case of group (a) it is necessary to 
find: 

i. The ■' general intelligence.” 

ii. The physical capacities. 

iii. The special capacities for the particular job 
of the applicant. 

i. It is s.n the measurement of general in¬ 
telligence that ps;^chology has been most 
widely tried and has met with the greatest 
measure of success. For som6 work it is the 
predominant factor, and general intelligence 
tests alone may be adequate. In educational 
work the Binet-Simon scale, the Yerkes- 

where the introduction of a new worker inunediately 
doubled or trebled the breakage at certain points. Cf. 
.p. 140. N.l.l.P.J. 
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Bridges point scale and the Stanford revision 
of the Binet-Simon scale have met with con¬ 
siderable success, and Drever has found that 
for a preliminary examination of children six 
tests from the Stanford revision give excellent 
results which can be obtained quickly and 
easily.* Examples of such tests will be given 
later. P'or industrial purposes, for the pur¬ 
pose of testing applicants for a post, the type 
of tests which were employed with consider¬ 
able success by the United States Army for 
grading recruits and selecting men for sjiecial 
services is of most use. The tests employed 
for this purpose were eight in number and 
consisted of; 


i. A Directions Test. The subject is given a 
paper on which are printed several rows of figures 
and letters. The examiner give certiUn instruc¬ 
tions which must be carried ^ut in a limited time, 
and the score depends on the accuracy and speed 
with which this is done. 

ii. An Arithmetical Problems Test, consisting of 
simple problems to be answered in a given time. 

iii. A Practical Judgment Test. A series of 

simple problems are set, and the subject must mark 
with a cross the correct answer from three different 
solutions suggested. ! 

* O, Drever, Tie Psyeholety o) Iniuttry, pp. 11-14. 
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iv. A Synonym-Antonym Test. Two words are 
given which have either the same or an opposite 
meaning, and the subject must mark with ar^ S or 
a D, according as the words have the same or a 
different meaning. 

V. A Disarranged Sentence Test. The examinee 
has to rearrange the sentence and say whether it is 
true or false. 

vi. A Number Series Completion Test which 
involves the carrying on for two more terms of a 
number series. 

vii. An Analogies Test. Two words are given 
which bear a certain relationship. A third word is 
then given to which the examinee must add a 
word bearing the same relationship to the third 
word as the second bears to the first. 

viii. A General Information Test. 

Recruits were graded according to their 
success in these tests into classes A, B, C+, 
C, C-, D, D— and E^. Grade A men were 
fit for conimissioned rank, B for non-commis- 
sioned officers. Grade C+ for certain special 
services. Grade C for ordinary service. Grade D 
for services requiring little intelligence, and 
Grade E were rejected as unfit for service. In 
this way the waste of talent which was 
notorious in the British Army, where dentists 
were digging Hrenches and picking up waste 
paper while the efficiency of the fighting men 
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suffered from lack of their trained attention, 
was avoided. 

ii, A careful physiological examination will 
give the necessary information with regard 
to the physical capacities of the applicant. In 
many cases these will be of great importance 
—for example, it is most unwise to select a 
man with a weak heart for the work of a dock 
labourer or a coal porter. The height, bear¬ 
ing, strength, acuity of vision, hearing and 
touch will be of varying importance according 
to the demands of the work to be done. An 
investigation was made for the Industrial 
Fatigue Research Board* into the effect of 
physical type upon efficiency in chocolate 
packers, chocolate wrappers and chocolate 
dippers. Measurements were made of the 
span of the fingers, their length and breadth, 
the length, breadth and thickness of the hand, 
length and other arm affd forearm measure¬ 
ments. The conclusion reached was that, 
although physicaltype plays little part during 
the early period of a young factory worker's 
life, when settled down " the innate physical 
qualities which make for proficiency make 
themselves very clearly felt.” f 

* l.F.R.B. Report, xvi, pp. 85 and 86. 
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iii. I& many occupations, besides a varying 
amount of intelligence and physical strength, 
certain special quahties are necessary. In 
some occupations the special qualities are of 
paramount importance, and tests which dis¬ 
cover and measure them correlate very highly 
and positively with skill in the occupation. 
Wherever such special capacities are essential 
it is necessary that tests should be devised to 
discover and measure them. It has at times 
been suggested that just as ‘‘ general intelli¬ 
gence ’’ can be measured by a simple scale of 
tests, so also a scale could be devised to 
measure general “ motor capacity ”—to find 
if the applicant is of predominantly '' motor ” 
or " mental ” type—if such types e.xist. A 
most important investigation into the ques¬ 
tion of “ motor capacity ” was carried out 
for the Industrial Fatigue Research Board 
by B. Muscio.* The object of the investiga¬ 
tion was to discover if it were possible to 
devise tests to show suitabilitydor those occu¬ 
pations in which intelligence counts for little, 
the principal activity consisting in the re- 

* B. Muscio, " Motor Capacity with special reference 
to Vocational Guidance,” British Journal of Psychology, 
Oct., I9S2, pp. 157-184. 
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peated performance of some simple movements 
or cycle of movements, i.e. the emphasis is on 
motor, not on mental capacity. The result of 
the inquiry was the discovery that: 

{«) There is no " motor type ’’—an individual 
may have motor capacities, but performance in one 
such activity is no indication at all of performance 
in another. 

(6) Motor capacities are relatively independent 
of intelligence, as intelligence tests tend to correlate 
highly and positively, whereas motor tests show no 
correlation with one another, and so cannot corre¬ 
late with a common standard. 

(c) Tlierefore, every occupation involving the 
routine performance of specific movements will 
require specific vocational tests—to test just those 
motor capacities which function in that occupation. 

In selecting workers for a particular job it 
will be necessary to find by analysis what 
special capacities—mental or mojpr—are re¬ 
quired and then to deyise tests to discover 
and measure such capacities, or else to devise 
complete tests which shall reproduce the 
essential processes of the work and test for 
the group of essential qualities together. A 
number of recent examples of the application 
of these rival methods of analysis and synthesis 
will be useful here to show tht method of con- 
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structioh, trying out, application and stan¬ 
dardisation of scales of tests and the results 
which may be obtained. , 

An example of the method of analysis of 
the demands of the occupation and tests to 
measure the special capacities required is 
given in the report of an investigation in the 
printing trade carried out for the Industrial 
Fatigue Research Board.* The work of a 
hand compositor was found to demand : 

(a) Good eyesight. 

(b) Above-average physical strength. 

(e) Right-hand and arm dexterity. 

{d) Speed of visual observation. 

(e) A wide immediate word-memory span, i.e. 
the ability to carry in the mind a large number of 
words immediately after they have been read. 

(/) A fair degree of " general intelligence ’’ and 
probably '. 

(g) The capacity to estimate form and size. 

« 

The following tests were devised to measure 
these different capacities: 

(c) The match-stick insertion test, which consists 
in inserting into a series of holes as many matches 
as possible in a given time. 

(d) A cancellation test which consists in crossing 

‘ l.F.R.B. RepoA, xvi, pp, 32, 33, 34. Abstracted 
p. 114. 
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out every *' e ’’ in a page of senseless Aench as 
quickly as possible. 

(«) A substitution test consisting in substituting 
a cettain digit for each letter of a printed series. 

(/) A directions test. 

(g) A form-board test in which the subject fits a 
number of wooden pieces cut from a board into the 
spaces from which they were cut. 

Two lists were prepared, one giving the 
ranking of the compositors according to 
success in tests C, D and E, the other their 
ranking by the overseers according to effi¬ 
ciency in composing. The coefficient of 
correlation between the two rankings was 
-f 71 in one works and -f -bo at another. (If 
the two rankings had corresponded exactly 
the coefficient would have been plus i ; if 
there had been no correspondence 0, and if 
an exactly inverse correspondence, — i.) The 
other tests did not correlate so highly and 
were left out of account*until further investi¬ 
gations could be made. Tests for speed of 
observation, immediate memory span and 
intelligence were given to readers and the 
results correlated + -71 with efficiency in 
reading. Tests for " finger co-ordination " 
were added to the above tests and tried out 
on Monotype keyboard operators. The results 
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were astonishing, the'average correlation of 
the ranking of the test results with the over¬ 
seer’s grading for efficiency being + -^o— 
practically identical. The tests used in this 
last instance could be standardised and 
used for selective purposes with very good 
results. 

Another example of the analytical method 
is given by Drever* with a description of the 
different steps necessary tQ the development 
of a scale accurate and delicate enough for 
practical use in the selection of typists. Tests 
were selected which seemed to involve the 
same mental and motor processes as the 
actual work: 

(a) A substitution test such as has already been 
mentioned. 

(4) A cancellation test as*described. 

(c) A memory span test to find how many digits 
or syllables the applicatt could keep in mind after 
one exposure. 

(This capacity, which is of great value in work 
such as typing, hand-composing, telephone opera¬ 
ting (auditory memory span), etc., is found to iffer 
greatly with different persons. Muscio found one 
subject who was able to remember forty-four 
numerals after having seen them exposed for about 


* Drever, op. cit., pp. 39-33. 
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one second, while in some cases four nun*rals only 
can be remembered.) ‘ 

(d) An interference test which consists in naming 
rows of colours which are passed rapidly across the 
field of vision. 

(e) Reaction time measured by special instru¬ 
ments in the laboratory is a factor of great impor¬ 
tance in some kinds of work. For example, it was 
found that slow reaction, and a tendency to wrong 
reaction, were incompatible with success as a 
fighting airman, and many lives were saved by 
refusing to accept such men for the Air Force. The 
test consists in pressing a button which releases a 
shutter and discloses a coloured slide. The time 
between pressing the first button and selecting a 
key of the colour shown on the slide and pressing 
it is the reaction time. In this set of tests simple 
reaction time was taken—the time between receiving 
a signal and pressing a key. 

(/) An Association test, in which the subject is 
given a word denoting a certain action, and must 
reply with a word denoting the corresponding 
agent. • 

(g) A further association'test, a verb being given 
and its object demanded. 

These tests were then tried on twenty 
typists whose skill at their work was known, 
and a graded score was given to show degrees 
of success in each test. The ranking in each 

* Mnscio, L0(luru on Indiatrial Ptyehelofy, p. 94. 
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test waS then correlated with the known 
ability of the typists. In every case positive 
correlation was found, the coefficients for;the 
different tests being as follows :* 

Correlation 

Tbst. with 

Typewriting Efficiency. 


Cancellation . 

• -52 

Substitution . 

. -96 

Memory Span 

• '52 

Interference . 

. -40 

Reaction Time . . . 

• -25 

Association (Action Agent) 

• -43 

Association (Verb Object) 

• -55 


Reaction time is shown to be of compara¬ 
tively little importance in typing, and would 
be left out of the standardised scale of tests. 
The other tests show fairly high degrees of 
correlation—sufficient to give a good indica¬ 
tion of ability in a trained typist, although it 
must be rsmembered that these tests might 
not be satisfactory in\esting for typing ability 
in embryo. 

The value of vocational selection and the 
success of the analytical method has been 
demonstrated in the case of telephone oper¬ 
ators. It was found that many operators 
failed in the work either in the six months' 

* Quoted from Drever, op. cit., p. 32. 






SELECTION AND GUIDANCE 45 

f 

course of training which they received,* or 
later through nervous breakdown and ill- 
health . ’ The telephone companies lost heavily 
owing to the waste of training operators who 
were not suited to the work, and in different 
parts of the world — the United States, 
Australia and Germany—experiments were 
carried out which have resulted in a great 
saving. The capacities needed for the work 
are special and precise and include acuity of 
hearing and sight, clear speech, memory for 
numbers and for the order of instructions, 
visual and motor memory and capacity to 
interpret badly pronounced words. Munster- 
burg devised a series of tests which were 
applied to certain employees of a large tele¬ 
phone company who were in process of 
training. The resulls of the test were corre¬ 
lated with the success of the trainees as 
• 

estimated by the supervisor. The results 
correlated very highly with the supervisor’s 
estimate; a number of skilled operators who 
had been included without Miinsterburg's 
knowledge were placed at the top of the list, 

• M&iuterburg, Psychology and Industrial Efficiency, 
p. lOI. 

' Cf. Muicio, op. cit., pp. 1Z4-131. 
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and those who were rejected as unfit for the 
work by the supervisor were at the bottom of 
the list. By a series of tests occupying atfeut 
two hours it had been possible to find the 
comparative ability of the applicants for the 
position of telephone operator as accurately 
as by a six months’ course of training and 
with far less expense. The workers were 
spared the waste of time and the discourage¬ 
ment consequent on failure^* 

As industrial processes become more and 
more specialised, the importance of individual 
differences becomes greater and the possi¬ 
bilities of increased efficiency by the selection 
of those workers who have the special capaci¬ 
ties required by the work—often very narrowly 
limited and easily overlooked—are increased 
enormously. 

In illustration of tlje synthetical method of 
procedure, which avoids the sometimes diffi¬ 
cult process of analysing the capacities needed 
for a particular task, we may take the very 
thorough tests for clerical occupations de¬ 
vised by Cyril Burt’ and the well-known test 

> Quoted by Diever, Myers and others. Given here 
from notes on a lecture given by Dr. Myers at Birmingham, 
March JS, igas. 

' N.I.J.P.J., pp. 23-27 and pp. 79-81. 
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for car-drivers used by Miinsterburg.* The 
tests for clerical occupations test special 
abilities by the actual work of typing and 
shorthand-writing, while the test for car- 
drivers presents a situation so like that 
presented by the actual work that the drivers 
on whom the tests were “ tried out ” said 
they experienced the same feelings while 
undergoing the test as when they were actu¬ 
ally at work. 

In the tests for clerical occupations great 
care was taken in selecting those tests which 
would detect and measure the essential quali¬ 
ties of a successful shorthand-typist. The 
tests were first " tried out ” on a body of 
highly skilled and intelligent typists and 
were amended and improved, unsatisfactory 
tests being elimina!ed. They ^ere then 
applied to one hundred, intelligent children, 
and their effectiveness was verified by corre¬ 
lation with an independent grading for in¬ 
telligence. Finally, the rearranged tests were 
applied to all the available typists in the 
office of a large Education Authority—some 
thirty in number—who were graded by the 

‘ Qaoted Drever, op. dt.. pp. 36 and 37. Husdo, op. 

dt, pp. 133-141. 
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supervillor according to efficiency in general 
office work, in typewriting and in shorthand¬ 
writing. The ranking according to success in 
the tests was then correlated with the ranking 
according to efficiency. The tests applied 
included tests of General Intelligence, of 
Educational Attainments, of Linguistic Ability 
and of General Information, and special tests 
for speed and accuracy in shorthand and for 
speed when typing from memory and when 
typing from copy, for accuracy, display and 
tabulating, and for manuscript reading. Ex¬ 
cept in the case of the typewriting tests the 
tests were applied to groups, the shortage of 
machines and other difficulties made it im¬ 
possible to give the typewriting tests as group 
tests. They were given on a typewriter of a 
make which was unfami'iar to all the subjects. 
The results were very satisfactory; the co¬ 
efficients of correlation obtained were suffi¬ 
ciently high to justify the use of the tests for 
selecting applicants for posts as shorthand- 
typists. General Office Efficiency correlated 
especially highly with the order for General 
Intelligence ; the coefficient was +79. The 
special tests correlated highly with the super¬ 
visor’s order for efficiency in shorthand- 
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writing, +79, and in typing + -6o. blowing 
for the difficulties involved in applying the 
test^ for typing—the subjects being tested at 
different times of the day and on a machine 
which may have been stranger to some than 
to others—the results are higlily satisfactory. 
Data has since been obtained from other 
groups which confirms the in\cstigator's con¬ 
clusions, and a scale of tests has now been 
standardised and is king applied for the 
practical purposes of selecting suitable workers 
from applicants for posts. 

Miinsterburg’s test for car-drivers was de¬ 
vised at the request of several great companies 
who were dissatisfied with the great waste 
involved in the indemnities which they had 
to pay to sufferers in accidents and wliicli was 
calculated in some en.-'es to amount to 13 per 
cent of the gross takings of tlie comfiany. It 
was found that the accidents were not entirely 
due to fatigue, but to the mental constitution 
of the motor-men. One of the most important 
capacities needed was attention of a special 
kind. Attention may be of two kinds—spread 
or concentrated. Although they may not 
exist separately, these different types of 
interest certainly occur in different propor- 
4 
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tions.** In this case* attention of the concen¬ 
trated type might be dangerous, for it is 
necessary for the driver to note many diffpent 
factors in different parts of his field of vision. 
Widespread attention, foresight and imagina¬ 
tion are necessary to success, and speed must 
be combined with safety. The test which was 
devised consisted of a series of twelve cards, 
each of which was divided into squares—nine 
across, twenty-six in length. Down the 
centre of the card ran lines representing rails, 
and in the squares were figures marked in red 
and black ink. The black figures represented 
veliicles and pedestrians moving parallel to 
the rails ; red figures represented motor-cars, 
horse-drawn vehicles and pedestrians moving 
at different given speeds across the rails, so 
that it was possible te; tell those that would 
be on thfe rails when the car reached that spot. 
Each square between the rails was lettered 
so that as each danger-point was noted it 
could be pointed out by calling out the letter. 
These cards were placed under a moving velvet 
band, the speed of wliich was controlled by 
the examinee, and which was cut so as to 

* Cl. T. H. Pear, " The Application of Psychology to 
Industry," Industrial Adminislralion, pp, 37-38. 
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allow the operator to see five squardi ahead 
as it moved. After the test had been care- 
fulljj explained to them, experienced drivers 
of known degrees of skill were tested and 
marks were given according to the speed and 
the accuracy with which the test was carried 
out, each omission of a danger-point being 
counted as equivalent to ten seconds' extra 
time added to the time taken. It was found 
that the ranking according to success in the 
test corresponded very closely with efficiency 
in actual service. Such a test, which could 
be applied in ten minutes, would enable a 
great saving by preventing many accidents 
and avoiding the waste of time and money 
involved in training men who are later found 
to be useless; it has been estimated that 
25 per cent of the applicants would be re¬ 
jected—^men who might do well*in other 
occupations but who would waste their time 
and energy in this one. 

Despite the results wliich have already been 
achieved by these tests of both types it must 
be remembered that they are not by any 
means perfect or infallible. One of their 
gravest deficiencies at present is that they 
do not give sufficient indication of industry, 
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conscieJltiousness, temperament, will and 
other character qualities which greatly affect 
efficiency and success in almost any occupa¬ 
tion.* It follows, therefore, that they must 
not be relied on as the sole basis for a decision 
as to which of a number of applicants is most 
suited for a post, although they can indicate 
those who are not so well trained, or so well 
fitted as others. They must be applied in 
conjunction witli school records, and all in¬ 
formation which can be obtained of educa¬ 
tional, medical and physiological factors and 
of social, moral and psychological qualities, 
such as honesty, courage, loyalty, patience, 
politeness, punctuality, imagination, emotion¬ 
ality and self-control* Tests are now being 
devised which will discover and measure these 
qualities, too. At the International Confer¬ 
ence on Vocational Guidance,® at Barcelona, 
experiments were reported which show that 
changes in blood-pressure may indicate the 
temperamental and emotional’ characteristics 

‘ Cf. ComI Burt, op. cit., N.I.I.P.J., p. 8o, and " Report 
of the Berlin Conference on Applied Psychology,"W././. A/., 
p.' 190. 

• Cf. Archives de Psychologie, 1918, xviii, arid abstracted 
N.T.I.P.J., p. 116, and cf. also Myers, op. cit., p. 96. 

» N.I.I.P.J., p. ij. 
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of a subject. Dr. Myers says that "In point 
of fact, however, several of these qualities are 
revaaled by many existing tests or by others 
that can be devised for the purpose, whilst 
full light can readily be thrown on the rest in 
the course of individual examination and 
cross-questioning.” " None but those who 
have had exi^erience in psychological tests 
can realise what a wealth of information in 
regard to the gcneitil ‘ character ' of a subject 
is incidentally gained from a few tests system¬ 
atically applied during an interview.”* 
Another drawback in the use of these tests 
for vocational selection is the fact that, even 
though they may accurately measure imme¬ 
diate ability, they do not show capacity to 
improve with practice,* and they do not take 
into account the effA;t of test conditions on 
difierenl people, the djjference in the time 
needed by different people for “ warming up ” 
and temporary emotional and physical con¬ 
ditions which may affect the test results. 
This difficulty is fully recognised, but it is 
hoped that by carefully following up the 
results of selection by tests and by continued 

• Myers, op. cit., p. 96. 

• Muscio, op, cit., p. 144. 
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research it can be greatly modified if not 
eliminated. In any case there can be little 
doubt that selection based on scientific tests 
such as have been described will be far more 
reliable than the present method of selection 
by general impression, personal judgment and 
other entirely subjective methods, or the ex¬ 
pensive method of ‘‘ trial and error." Apart 
from the economic pressure which will be 
brought to bear upon employers by the great 
extension of scientific vocational selection 
abroad, the inducement which it offers in the 
way of increased profits is sure to win the 
favour of employers and managers* and en¬ 
courage them to call in the expert psychologist 
just as they now call in the consultative 
engineer. Difficulties may be met with if care 
is not taken from the side of the employees 
and the foremen. The foreman will lose some 
of the authority and power which the taking 
on of workmen, not entirely free from jobbery 
at times, it is to be feared, has given him. 
There is a tendency for the workers to suspect 

* Drever, op. cit., p. 41, " Accumulating evidence can 
easily be brought forward to show the great increase in 
output, and diminution in expenses that have followed 
upon systematic vocational testing, and placement in 
individual instances where tests have been applied.” 
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vocational selection as an instrumenf merely 
for increasing the employer’s profits. This is 
not ^Iways the case, as is shown by the fact 
that the Berlin Trade Unions annually vote a 
contribution to the Psycho-technical Institute 
attached to the nearby Technical High School.* 
Moreover, it is obvious that the workers suffer 
most from wrong selection—their happiness 
and success throughout life depend on their 
fitness for their job—and also they bear the 
risks due to the presence of misfits among 
them.* The difficulty will be entirely avoided 
if the suggestions of Dr. Myers are carried out: 

i. Vocational tests shall not be forced upon an 
employee once he has been engaged, 

ii. The workers shall be guaranteed against 
unemployment through no fault of their own.® 

iii. The workers shall be given some voice in the 
management which 'wftuld include some control 
over the expert applying the tests.* 

Up to the present we have dealt chiefly with 
the tests necessary for the selection of the best 

* Miles, " International Conference on Vocational 

Guidance, " p. 17, 

• Recently an inquiry into an accident to a boiler 
repairer whose eye was destroyed, discovered the cause 
to be the unfitness of the man's mate, 

• Cf. Myers, op. cit., p. 103. 

* a. TKe Suggesbm for Joint Control of Time and Motion 
Study Experts, Chapter IV. 
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fitted frSm among the trained applicants for 
a position, but we have also to consider the 
wider problem of Vocational Guidance, pase 
(i) the selection of the right occupation for 
the untrained young person to take up. Tests 
for this purpose cannot be so accurate as 
those for the selection of a suitable worker 
for a special job: it is easier to find which 
applicant has certain qualities than to find 
what are the best capacities of an individual 
and for what position they are most fitting. 
Besides information as to the physical, psycho¬ 
logical and moral qualities necessary to selec¬ 
tion in case {a) there is need for information 
on further points 

i. General information concerning different occu¬ 
pations—a description of the work, the advantages 
and disadvantages, tlie prcpjiration needed and the 
prospects afiefed. In this connection, tours of 
different kinds of facteries should be made by 
children before they leave school, so that they may 
know something of the conditions of work in different 
industries before they decide which they would like 
to enter. In this way the child will get a broader 
outlook on social and occupational matters, and 
will have a greater opportunity to select some occu¬ 
pation which appeals to his interests. Interest is 

* Ct. Articles by G. H. Miles on " Vocational Guidance 
in Foreign Countries," N.I.I.P.J., Nos. i, 3 and <. 
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an important factor in success, althou^, unfor¬ 
tunately, " interest in an occupation and capacity 
to do well at it may not be conjoined.” * 

ii. *Information is needed as to the probable 
demand for workers in the different industries as 
suggested by a forecast of the future possibilities 
of an industry—whether it is a rising one or a 
dying one. 

iii. Information concerning tlic mental and phy¬ 
sical characteristics of the l»st workers in the 
various branches of industry as shown by such 
tests as were described under (a). 

iv. Information as to tlie mental and physical 
characteristics of the individual as shown by psycho¬ 
logical, physiological and educational tests, school 
records, etc. 

V. A classification of all the information regarding 
industries which require similar physiological and 
psychological capacities, so that the adviser can 
select for each individual a number of occupations 
for which his predominant capacities fit him. 

The National Institute of Industrial Psy¬ 
chology is making investigations in England 
into the occupations which children and young 
persons most commonly enter, the best tests 
for the capacities necessary for these occupa¬ 
tions and the psychological classes into which 
such tests can be grouped.* In the study of 

• Miles, N.I.I.P.J.. No, 3, p. io8. 

• Cf. N.I.I.P.]., No. 5, p, 166, and Dr. Myers' speech 
at the Mansion House Meeting, N.I.I.P.J., No. 2, p, 61. 
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vocational guidance and of vocational selec¬ 
tion Great Britain is very backward. In most 
European countries—especially Germany, 
Belgium and Spain—in America and in Japan, 
numerous institutes and departments are busy 
developing methods of vocational selection 
and guidance. Among the most advanced 
and most successful of these are the several 
institutes in and near Berlin, which are 
regularly consulted by the great firms such 
as the A.E.G.,' Osram, the Berlin Tramways, 
etc.: the Institut d’Orientacio Professional 
of Barcelona with its four departments— (a) 
the Medico-anthropometric department, ( 6 ) 
the Psychometric department, (c) the Statis¬ 
tical and (d) the Information department, 
through which over a thousand children have 
passed, three hundred of whom are being 
closely watched so that any errors in guidance 
may be detected; and L'Office Intercom- 
munal pour I’Orientation Professionelle et le 
Placement des Jeunes Gens et des Jeunes 
Filles dans 1 ’Agglomeration Bruxelloise, which 
is supported from the rates and has branch 
bureaux in the different communes. 

As a result of the activities of the institutes 
* ABegemeine Electridtat GeseUschalt. 
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near Berlin tests have been devised from 
which considerable information as to a candi¬ 
date’s abilities is obtainable from which a 
very useful forecast of his suitability for 
engineering work can be prepared.* One of 
the great firms which has availed itself of 
their services—the great Berlin Tramways’ 
(Grosse Berliner Strassenbahn)—is able to 
report that the saving resulting from scientific 
vocational selection and other changes based 
on psychological investigations amounted in 
1922 to over 12,000,000 marks, or approxi¬ 
mately £20,000 at that time. As a result of 
careful selection of postal and railway workers 
" a very considerable improvement, both in 
quality and amount of work, has followed. 
At the Post Office only 23 per cent of the 
candidates were fouad fitted for the work, but 
of these 96 per cent were thoroughly satis¬ 
factory.”* On the railways less than 6 per 
cent of the selected pupils had unsatisfactory 
records, while 66 per cent of them were " very 
good.” Moreover, vocational selection has 
resulted in a very much better type of ac- 

• Miles, op. cit., N.I.I.P.J,, p. 17. 

• N.IJ.P.J., p. III. 

• N.I.I.P.J.. p. 190. 
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cepted Workers. In Barcelona an investiga¬ 
tion was carried out which showed that of 
500 apprentices only 47 per cent chose t^eir 
work for professional reasons—talent, interest, 
etc.; while 53 per cent were influenced by 
family, imitation, accidental circumstances, 
etc. The former proved by far the best 
workers and students.* 

Although this movement is but in its in¬ 
fancy excellent results have already been 
obtained, and in the United States, Barcelona, 
Brussels and Germany much has been done 
towards “ abolishing the huge number of 
occupational misfits and thus reducing not 
only the vast expense of a needlessly large 
labour turnover, but also the overstrain and 
unhappiness of the worker who has drifted 
into a wrong occupation^',’* Dr. Myers added 
that he Believes that Gennany “ hopes to 
secure the lead in commerce and industry by 
paying attention to the human aspect, just as' 
in pre-war days she advanced by paying 
attention to the material aspect; and her 
Trade Unions are recognising the value of 

* Anals de I'lnstitut d'Orientacio Professional 3, Bar¬ 
celona, N.I.I.P.J., p. 208. 

• Myers, at the Mansion House Meeting, N.I.I.P.J., 
p. 61. 
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vocational guidance and of systematic train¬ 
ing in approved methods of work.’’* 

Taylor pointed out that while we had be¬ 
come aware of the enormous wastes of our 
material resources we were still ignorant of 
the even greater wastes due to the misdirected 
energy of human beings because that needed 
a little imagination to perceive. Those peoples 
who first realise how great that waste is and 
how much can b« prevented by vocational 
selection and guidance, among the other appli¬ 
cations of psychology to industry, will forge 
ahead just as surely as did those who first 
realised the possibilities of developing their 
material resources. One of the main economic 
results of the application of psychology to 
industry would be the preservation and fuller 
development of the country’s greatest asset— 

the skill, genius and energy of her^ople. 

• 

* Ct. Chapter IV, Approved Methods of Work. 



CHAPTER III 


FATIGUE 

" The hope of industry in the future 
lies in a right understanding of the 
nature, the causes, the results and 
the prevention of industrial fatigue." 

A. F. Stanley Kent. * 

" The problem of scientific industrial 
management, dealing as it must with 
the " human machine,” is fundament¬ 
ally a problem in industrial fatigue.” 

Health of Munition Workers Committee.* 

S UCH evidence from Dr. Stanley Kent 
and* from an important committee of 
experts must convince us of the need 
for careful study of the results of activity on 
the “ human machine.” We must be careful, 
however, to guard against the danger of 
allowing the metaphor " the human machine ” 

* A. F. Stanley Kent, M.A., D.Sc.," Industrial Fatigue " 
in Industrial Administration, p. 187. 

• Industrial Efficiency and Fatigue, p. 9, Report of the 
Health of Munition Workers Committee. 
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to mislead us as it did the earlier Scientific 
Management experts of the U.S.A., who were 
primarily mechanical engineers, into attempt¬ 
ing *to treat the human organism as if it were 
mechanical. We must therefore begin our 
investigation with an outline, as far as pos¬ 
sible in non-technical language, of the dis¬ 
coveries of physiologists and psychologists on 
the nature, causes and effects of fatigue; 
followed by an injjuiry into the immediate 
and important results which the application 
of such knowledge to industry and commerce 
would Isroducc. 

Most definitions of the state, or process, of 
fatigue agree that it is marked by a diminu¬ 
tion in the capacity for work and by subjective 
feelings which are often accompanied by a 
disinclination for work and a desire for rest.* 
But all such definitions require "so many 
modifications that an Account of the physio¬ 
logical causes and processes is essential to 
their complete understanding. 

’ Cf. Drever, op, cit., p. 6i. Rivers, "a condition oi 
lowering capacity tor work which follows or occurs during 
the performance of work, and of which it is the direct 
result." Quoted, T. H. Pear, Industnal Adminislralion, 
p. 72, also cf. Stanley Kent, op, cit., p, 187, and Industrial 
Efficiency and Fatigue, p. 8. 
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Activity of the human organism is the 
result of impulses initiated and sent out by 
the complex nervous mechanism of the brain 
and spinal cord and conducted by nerve ^res 
to the muscles, wliere the contractions which 
constitute the activity are produced by the 
breaking down of energy-producing materials 
stored in the muscles and replenished by 
the blood stream.' The energy-producing 
materials, which may be .likened to fuel, are 
used and poisonous waste products produced 
(carbonic acid, lactic acid, etc.) which are 
normally carried away directly by the blood 
stream or indirectly by chemical processes 
which it induces in the tissue itself. The pro¬ 
cesses of destruction and construction are 
concomitant,“ and fatigue results only when 
the rate of the destruc^tive process is faster 
than tha'i of the process of recovery. When 
this occurs fatigue is produced, not as is 
popularly supposed by the exhaustion of the 
stock of energy-producing material, but by 
the poisonous action of the waste products 
which are produced more rapidly than they 

* Cf. Industrial Fatigue and Efficiency, pp. S-9. 

* Cf. Industrial Fatigue by Physiological Methods, 
Stanley Kent, p. 22, 
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can be carried <iway by the blood stream and 
eliminated.* Local fatigue is caused by the 
clogging of a particular set of muscles ; central 
fatigue is produced by the action of the 
poisons produced on the central nervous 
system and on other parts of the body to 
which they are carried by the blood stream. 
If an isolated muscle, apparently completely 
exhausted, is washed with salt water, so that 
these waste products are removed, new con¬ 
tractions will take place, with an impulse 
which tx.'fore had proved insufficient.* The 
poisoning of the whole system by toxic 
products has been demonstrated by Mosso, 
who found that by injecting blood from a 
fatigued animal into the veins of a fresh 
animal all the symptoms of fatigue were pro¬ 
duced in the latter.* patigue is generally first 
produced in the delicate nervous mechanism 
of the brain and spinal cord—before the 
muscle is fatigued the source of the impulses 

* Cf. Stanley Kent in hidustrial Admimslratwn, p. 190, 
" Fatigue may be likenerl, not to the stoppage of an engine 
for want of fuel, but rather to a stoppage caused by the 
clogging of the mechanism with dirt.’' 

* Cf. Stanley Kent in Industrial AdmiHisIralion, p. 189. 

* Cf. Stanley Kent, op. cit., p. 190; J. A. Hobson, 
H'orh and Wealth, pp. 65-W ; and Industrial Efficiency and 
Fatigue, p. 9. 
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which Chuse its contractions becomes impo¬ 
tent. The muscles are further protected by 
the fact that the nerve fibres which conduct 
the impulses to the muscles are connected 
with the muscle by end plates which are very 
sensitive to fatigue and fail to transmit the 
impulse to the muscle. The end plates are in 
turn protected from the rapid development 
of fatigue by the setting up of nervous im¬ 
pulses which are carried back to the spinal 
cord along the sensory nerves and tend to 
prevent the outgoing stimulus along the motor 
nerve to the muscle. This means that addi¬ 
tional power must be used to overcome this 
tendency if the impulse is to reach the 
muscle.* This need for increased impulses as 
fatigue develops is added to by the increased 
resistance to the impulse at the synapses— 
the junctions of the different processes which 
make up the nerve fibre—which is due to the 
accumulation of toxic products in the nervous 
system. It is this increased r&istance which 
is held to account for the fact that as one 
particular set of muscles becomes fatigued the 

* Cf. Myers, Mtnd and Work, pp. 39-46; Drever, Th$ 
Psychology of Industry, pp. 61-73; Muscio. Leefurts on 
Industrial Psychology, p. 90 ; J. A. Hobson, op. cit., p. 66. 
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neighbouring muscles begin to be contracted 
as the greater impulse now necessary over¬ 
flows, as it were, and overcomes resistance in 
the herve fibres to other muscles which had 
been protected before fatigue set in.' 

Habit, formed by practice, seems to have 
the effect of making a greater number of 
contractions possible by lessening this innerva¬ 
tion or overflow of impulses and, by much use, 
improving the routes of connection between 
brain and muscle.' There seems to be a 
tendency towards automatic action, but the 
effects of habit may be overcome by the 
development of “ monotony ”—which leads 
to " boredom,” a state in which the pleasur¬ 
able incentive in the work fails. Boredom is 
difficult to differentiate from “ weariness " 
and fatigue, which it simulates, but it can be 
dispelled by a change of occupation.' If, how¬ 
ever, work is continued* after ” boredom " is 
felt there is a very rapid development of 
" weariness "—the subjective feeling which 

• A tired walker seems to " walk with the whole of his 
body." In experunents with the Ergograph, if three 
fingers are left free and the middle finger contracted, when 
fatigue develops the other fingers begin to contract too. 
Cf. Industrial Efficiency and Fatigue, p. 9. 

*Cf. Muscio, op. cit., p. 90, and also Industrial Efficiency 
and Fatigue, pp. 9-11. 
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denotes \he impairment of the efficiency of 
those processes which enable us to concentrate 
on a single activity or maintain the special 
attitude which is necessary even to habitual 
actions. Continual activity at the same work 
when " weariness ” has set in rapidly pro¬ 
duces dangerous central fatigue, and even a 
change of occupation is not effective in dis¬ 
pelling it as the toxic products accumulated 
in the nervous system action the synapses of 
the brain so that all concentration is weakened. 

From this account of the physiological 
nature of fatigue it will be seen that (a) the 
fatigue produced by industrial activities, 
whether predominantly muscular or mental, 
is fatigue of the nervous system ; (b) that as 
fatigue progresses a disproportionate amount 
of energy must be exp,ended to produce a 
similar quantity of work ;* and (c) that 
“ boredom,” due to lack of interest, is too 
harmful in its effects to be ignored.* From 
(b) it follows that fatigue is not proportionate 

* Cf. I.F.R.B. Report, xv. As girls engaged in 
" roughing ” spoons and forks grew tired, and output 
diminished towards the end of the day, the girls tended to 
give more vigorous and more numerous strokes per unit of 
output—not only working slower than when fresh, but 
expending energy extravagantly, pp. 45-54. 

• Cf. Drever, op. cit., p. 72. 
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to the duration of a task, “ for evert a slight 
lengthening of a task may result in the pro¬ 
duction of an altogether disproportionate 
amount of fatigue,”* 

Before it is possible to pursue our inquiry 
farther it is necessaiy to find out by what 
means fatigue can be detected and to what 
extent and by what means it can be measured. 

For this purpose the most familiar mani¬ 
festation of fatigue—the subjective feelings 
of weariness which we have most of us 
experienced—are of little use. The investi¬ 
gations of the Health of Munition Workers 
Committee into the nature and causes of 
Industrial Fatigue have given us some of the 
most reliable and valuable information on 
the subject. In their report they lay stress 
on the fact that “ the objective results of 
fatigue often precede in their onset the sub¬ 
jective symptoms.”* * 

" Without obvious sign and without his 
knowing it himself, a man’s capacity for work 
may diminish owing to his unrecognised 
fatigue.” Moreover, Rivers showed that “ in 

' Cf. Industrial Fatigue by Physiological Methods, 
Stanley Kent, p. 7, 

* Industrial Efficiency and Fatigue, p. ii. 
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• 

the performance of mental work especially 
decided symptoms of fatigue may be experi¬ 
enced when the objective record shows that 
increasing and not decreasing amounts of 
work are being done," while in other cases, 
as shown above, " there may be complete 
absence of any sensations of fatigue when the 
objective record shows that the work is falling 
off in quantity or in quality or in both.”* 
Dr. Myers holds that feeling fresh does not 
always indicate a high capacity for work, as 
at a certain stage fatigue may produce a 
feeling of ability to work well which is not 
reflected by the quantity or quality of the 
output.* Not only are the subjective sensa¬ 
tions of fatigue uncertain and unpunctual, but 
they cannot be measured. On the other hand, 
it has been shown by Mqscio “ that felt tired¬ 
ness has a significant correlation with fatigue 
tested objectively,”* and we may use it with 
caution as a test of the success of attempts to 
eliminate fatigue provided that it is well 
supported by objective evidence. 

‘ Rivers, quoted by T. H. Pear, in Industrial Adminis¬ 
tration. pp. 40 and 4!. 

• Myers, Mind and Work. p. 47. 

• Kric Farmer, " The Fconomy of Human Effort in 
Industry,” N.I.I.P.J., p. 19. 



FATIGUE 71 

The objective tests to discover and in some 
degree to measure fatigue may be divided 

into three classes: 

• 

(a) Those tests which attempt to discover fatigue 
by fneasuring the direct effect on the muscles con¬ 
cerned, or the indirect effect on some subsidiary 
function which is assumed to deteriorate as central 
fatigue sets in.‘ 

(b) Laboratory tests which measure fatigue by 
measuring the quantity and quality of some simple 
kind of mental or physical work done. 

(c) Industrial tests which are of use in measuring 
the fatigue produced by the complex activities of 
industrial processes. 

{a) These tests include such tests as the 
Dynamometer, which measures by means of 
a sort of spring balance the pull of a set of 
muscles, and a great variety of indirect tests 
such as the “AJsthcsiometric index” given 
by measuring the shortest distance between 
two points at which tfiey are felt to be two ; 
the “Algesimeter,” which tests sensitiveness 
to pain; Reaction-time, the “ Reversible 
perspective ” test, tests for acuity of sight 
and hearing, etc. These tests are all subject 
to the disadvantage of being easily affected 

* Myers, op. cit., pp. 56 and 57, and Drever, op. cit., 
pp. 6^0. 



72 INDUSTRIAL PSYCHOLOGY 
by emotional state, by simulation of fatigue 
and, if interpolated during work-time, to 
changes due to the pleasure or irritation of 
the subject on being taken from work for the 
test and to interest in the desired result.‘ 
There arc certain tests of this group which are 
free from some of these disadvantages as they 
are not under the control of the subject and 
so are free from danger of simulation, etc. 
Respiration, circulation of the blood, the 
electric resistance of the skin are examples 
of such tests, but even they arc affected by 
emotional changes. Further, the exact sig¬ 
nificance of some of these changes is not 
definitely known, e.g. tlie sensitiveness to 
pain may increase or decrease with fatigue. 
Broadly speaking, these tests give no satis¬ 
factory index of fatigue and are only of use 
in corroborating evidence obtained by other 
means. 

(6) These tests are of greater value than 
those of group (a), and from them has been 
obtained much of the most valuable informa¬ 
tion so far gained on this subject. One form 
in which they are used is that of Mental Tests 
—the quantity and quality of the work done 

' Of. Industrial E^ffictency and Fatigue, pp. 13 and 14. 



FATIGUE 78 

in a “ performance test ’’ such as Cancellation, 
Calculation (the addition of single digits) or 
McDougall’s Dot test is measured for equal 
and* consecutive periods, allowance is made 
for practice, adaptation' and even muscular 
fatigue in some cases and central fatigue is 
judged by the deterioration in output. 
" Despite the comjdcx factors (local and 
general, higher and lower, metabolic and in¬ 
hibitory, boredom and weariness) that affect 
output and are inseparable from fatigue, we 
seem forced (but only with approximate 
accuracy) to assume that “ fatigue ” is gener¬ 
ally proportionate to the reduction in out¬ 
put.”* Perhaps the most reliable of these 
experiments are those which are carried out 
with the Ergograph—an instrument which 
enables the study of fatigue in a .single muscle 
of the human body»*and records the number 
and the extent of its successive contractions 
during a certain period or until complete 
impotence is reached. The fatigue which is 
produced by muscular contractions under the 
conditions of these experiments is largely due 
to the monotony of the work in the specially 

* The effects will be discussed later, cf. pp. 82 and 90. 

• Myers, op. cit., p. 53. 
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narrow range of activity fixed by the appa¬ 
ratus. This is shown by the fact that if 
the conditions are changed—if the weight 
attached to the contracting finger in the 
usual arrangement of the apparatus (in \^hich 
the forearm is fixed in a clamp, the fingers 
except for the middle finger are fixed in cases 
which allow of no movement at all, and the 
middle finger is attached to a weight the 
movements of which as the finger is con¬ 
tracted and straightened are recorded on a 
smoked drum) is changed, or if either the first 
or third finger or both arc released—a new 
ergogram can be obtained from a muscle 
which appeared to be impotent. The main 
discoveries which have been made from the 
use of the Ergograph are 

i. If the muscle is cl^ntraCted continuously, 
without an interval bstween contractions, a con¬ 
dition is very rapidly reached in which the weight 
cannot be moved at all. If a sufficiently long pau^ 
be given between contractions no apparent fatigue 
results. This was found when a six kilogram weight 
was used and ten seconds’ pause between contrac¬ 
tions, but when two seconds only was allowed, 

* Cf. Myers, op. cit., pp. 43-44 : Drever, op. cit., pp. 55 
and 56; Muscio, Lectures on Industrial Psychology, pp. 
81-88. 
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inability to contract resulted in about one minute. 
The best work is done when a definite rest period 
is interposed at regular intervals. For example, 
Myeis found that with a certain weight, if the finger 
was contracted thirty times in sixty seconds, two 
hours were necessary before an equal quantity of 
work could be done again. If fifteen contractions 
were made in thirty seconds only one half of an 
hour’s rest was needed for recovery. Muscio found 
that if ten seconds’ rest was given after each con¬ 
traction no apparent fatigue resulted. From these 
figures he calculated Ihat, if these three different 
arrangements of pauses could be followed through¬ 
out an eight-hour day with similar results, the 
daily output would be 120 when thirty contractions 
were followed by two hours’ rest, 240 when fifteen 
were done and then half an hour’s pause allowed ; 
and 2,400 when each contraction was followed by 
a pause of ten seconds. Even though these results 
might be modified in an eight-hours’ test, the 
principle which they illustrate is clearly of great 
importance.* I 

ii. The Ergograph/has« also shown that the 
maximum of work can be done with a certain 
definite load, and that if this load be either in¬ 
creased or decreased, less work can be done. 

iii. From " work curves,” showing the distribu¬ 
tion of output measured at short and regular 
intervals over a long period, obtained from experi¬ 
ments with this apparatus, and also from the per¬ 
formance of mental work, it has been found that 

* Muscio, op. cit., pp. 83-85. 
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the rate'of output is not constant but varies with 
the changing effects of contending influences. The 
effect of practice, of “ warming up ” to the work, 
and of ‘‘settlement ” (that is, the ability tc^over¬ 
come external and internal distractions) is to increase 
the rate of output, while the effect of “ boreflom,” 
“ weariness ” and fatigue is to diminish it. It has 
also been noticed that the rate is influenced by 
" spurts,” which seem to reflect changes in the 
emotional state or mental attitude of the subject. 
A marked '' beginning spurt ” is often found which 
may be due to the interest and freshness with 
which the worker attacks his task ; this is usually 
followed by a fall and later by a great rise due to 
the combined influences of incitement, settlement 
and practice. As fatigue develops there is a falling 
off which is usually followed, if the subject is con¬ 
scious that the end of his task is near, by a marked 
‘‘end spurt,” probably due to the anticipatory 
feelings of pleasure aroused by thoughts of rest and 
food. 

These discoveries hav^t been supported by 
investigations made und^: normal conditions, 
the results of which are given below. 

(c) Although tests made under industrial 
conditions are the most difficult to apply as 
the number of variables is very great, it is 
from this source that we get the most reliable 
confirmation of principles discovered by labor¬ 
atory tests. Industrial tests include careful 
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study of the work curves given by measuring 
the output of workers at regular intervals of 
the day over a considerable period and of the 
effecfs on the rate of output of different 
changes in the conditions of work. In some 
cases fatigue may be detected and measured 
by measuring the machine power used* at 
different periods of the day. A further test 
is furnished by statistics showing the amount 
of spoiled work anddhe number of accidents, 
but care must be taken to make allowances 
for other variables which affect these figures, 
and a valuable check on the accuracy of 
results obtained from these tests is given by 
the figures for lost time and sickness taken 
over a sufficiently long period. Many of the 
earlier experiments carried out under actual 
workshop conditions lost much of their value 
because several changes were introduced at 
the same time; bift in* the more recent ex- 
iUnples which I shall quote in illustration of 
the main principles discovered or confirmed 
by these tests, care was taken to avoid, as far 
as possible, making more than one change at 
a time, so that any changes shown by the 
above tests can with a high degree of proba- 

* Drever, op. cit., p. 'jt. 
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bility fcfe ascribed to the particular change 
which was introduced in the experiment. 

The first series of experiments which we 
must consider are those relating to the ifltro- 
duction of rest pauses, the benefits of which 
were suggested by the discoveries made from 
laboratory tests. 

The effects of the introduction of a rest 
pause during a period of work are : 

i. To allow recovery from fatigue. 

ii. To allow the human organism to become cool 
—to lose the effects of incitement, and, if prolonged, 
of settlememt, and 

iii. If still further prolonged to cause the loss 
of practice effects. 

These effects differ with the individual, the 
type of work being performed, the amount of 
fatigue present, the length of the pause and 
the distribution of pajiseSin the working day. 
As we have already seen, a short rest may 
suffice to allow recuperation if fajigue is slight,' 
but the rest needed to allow recovery grows 
rapidly and progressively when the fatigue 
point has been reached.* The distribution 

‘ Cf, Gilbreth, Fatigue Study, p. 5, " Fatigue Advances 
in Geometric Procession " ; also J. A. Hobson, Work and 
Wealth, p. 66. 
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and length of the pauses necessary tc? elimin¬ 
ate or lessen fatigue depend largely on the 
type of work. Heavy physical work is best 
perfdhned in short spells with longer rest 
periods—in the case of Pig Iron Loading, 
Taylor found that with 92 lb. pigs 43 per cent 
of the time only should be spent under load— 
that is, seven minutes’ work was followed by 
ten minutes’ rest; while with a half-.pig of 
46 lb. the best results were obtained if 58 per 
cent of the time was spent under load. In 
mental work, however, the process of “ warm¬ 
ing up ” takes longer, and if pauses are 
introduced too early the process may be 
disturbed. An interruption before the worker 
is “ warmed up ” may spoil the work of the 
whole period, and even when " settlement ” 
has set in too long a pause may do more harm 
than good. By exp^-riment it can be found 
what length of pap.se i5 necessary to allow 
recovery from fatigue without a greater loss 
of incitement and settlement, so that efiS- 
ciency is exactly equal after the pause to 
what it was before, and also what is “ the 
most favourable pause" from which the 
greatest net gain in efficiency can be obtained. 
The total length, number and distribution of 
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pauses and the nature of the rest taken are 
factors of enormous importance, and here 
once again subjective feelings are not a safe 
guide. ‘ Girls employed on a very monotonous 
process in a bleaching works were given'two 
rest periods of forty-five minutes and a midday 
break of forty-five minutes for dinner. On 
the advice of Mr. Gantt this was changed and 
a twenty minutes’ break was given after every 
eighty minutes’ work. As a result there was 
a 6o per cent increase in output.* Girls work¬ 
ing in another part of the works were allowed 
to choose and, following the guide of their 
subjective feelings, chose two long breaks 
rather than more numerous shorter breaks. 
This arrangement did not prove so satis¬ 
factory. If rest pauses are to be correctly 
used there is need for an investigation by 
experts skilled in the appi’cation of psychology 
to industry to determine 'vhen, for how long 
and how frequently they should be introduced. 
The value of rest pauses is shown by the re¬ 
sults of the following experiments : 


* Cf. T. H. Pe?»r, article on “ The Application of Psy¬ 
chology to Industry,” Industrial Administration, pp. 25-47. 

• McKillop, Efficiency Methods, p. 102; Myers, op. cit., 
p. 72 and others. 
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(a) Dr. Myers reports that the result *of intro¬ 
ducing a ten minutes’ rest pause in each spell of 
a ten hour day was an increase of 3 per cent 
in output in the first period under observation, 
17 per cent during the second period and 26 per 
cent ‘in the third. The human organism seems 
to need time in which to adjust itself to the 
new conditions before the maximum results are 
achieved.* 

{b) In a munition factory men engaged in heavy 
moulding work were asked by the manager to rest 
fifteen minutes after every forty-five minutes' work. 
As they were paid by the piece and feared a loss 
of wages by losing so much time they refused, and 
it was necessary to enforce the rest pauses by 
keeping a foreman over them to time them and see 
that they rested. Despite the unwillingness of the 
men, which might have produced an emotional 
state deleterious to output, the output was in¬ 
creased.* 

(c) Two officers, for a friendly wager, competed 
in getting equal lengths of trench dug with equal 
squads of men. The or/j dijuded his men into three 
groujK and set each/o work in turn so that they 
v/orked for five minutes and rested for ten. The 
other set his men to work as hard as they could, 
resting only when they were obliged. The former 
squad won easily.® 

(d) This experiment has been applied in the 

' Myers, op. cit., p. 72. 

• Industrial Efficiency and Fatigue, p. 16. 

• Ibid., p. 10, footnote. 

6 
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bottle-m^ng industry, where three teams have 
been employed for two machines, each team having 
twenty minutes’ rest after forty minutes' work. The 
result has been greater output per man witlj less 
apparent fatigue. ‘ 

(«) In a boot and shoe factory during thd war 
it was desired to increase output substantially 
without laying down new machines, a desire felt 
by every manufacturer in times when demand is 
very great. The workers were doing forty-one 
hours a week in five days. Each double press, 
which was usually worked by two girls working 
continuously, was now equipped with a team of 
three girls each working for forty minutes in each 
hour and resting twenty. The increases in output 
for the six presses were 45, 34, 57, 37, 43 and 75 per 
cent, the total increase in output being 44 per cent. 
A period of adaptation was observed to be necessary 
in this case, too, before maximum efficiency was 
readied. This phenomenon has been recorded in 
many other cases too numerous to quote.* 

(/) In the case of girls doing light physical work 
demanding close attention \nnd requiring a high 
standard of quality to be 1, aintained, employed 
from 8.30 a.m. to 6 p.m. with an hour’s break at 

I o’clock, making a total of forty-six hours in a 
five-and-a-half day week, and paid good wages on 
a time basis, the experiment was tried of intro¬ 
ducing rest pauses of seven minutes’ duration at 

II a.m. and 4 p.m.—tea being provided during the 

> Myers, op. cit., p. 74. 

• I.F.R.B. Report, x, pp. 28-32. 
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afternoon pause. As a result the total output 
increased from 83 -4 units per week to 88 units, an 
increase of 5 -47 per cent, despite a decrease of nearly 
3 pel cent in the hours worked. Observation was 
possible only for four weeks, so that the time 
necessary for adaptation was not allowed, and the 
results can be expected to be greater still when the 
full effects of the change are felt. The work curve 
below enables us to detect other improvements 
besides the increase of output. 



A. The unbroken line ^(88 units), two weeks’ 
average output with.'est pauses. 

B. The broken line (83'437 units), one week’s 
average output without rest pauses. 

If we allow for the short periods—twenty- 
three minutes instead of thirty from 11.7 to 
11.30 a.m.; 4.7 to 4.30 p.m.—we find that 
the work curve is more regular in case A than 
in case B. The decline before i.o a.m. is less 
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marked, ?ind the end spurt shown in curve B 
is not apparent in curve A. During the after¬ 
noon output is better sustained, and towards 
the end of the afternoon instead of falling off 
rises rapidly in the last half-hour. In both 
cases the output during the twenty-three 
minutes of the short period is greater than 
that for the full thirty minutes for the 
corresponding period before the rest pauses 
were introduced. The shape of the work 
curve may often, as is here shown, indicate 
more than the bare figures of total output can 
do. A weill-sustained output with no falling 
off towards the end of the day combined 
in this case with the subjective evidence 
of the girls, who said they felt far less tired 
at the end of the day, indicates that there 
is a great probability that fatigue has been 
diminished even though output has been 
increased.* * 

The results of these expeViments, while in' 
no way complete, suggest the enormous 
savings which the scientific use of rest pauses 
may make not only directly by increasing 
output without increasing machinery, work- 

‘ Cf. " An Experiment in the Introduction ol Rest 
Pauses," N.I.I.P.J., pp. 89-92. 
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rooms, etc., and so adding to overhead 
charges, but also by lessening the subjective 
sensations of fatigue which prevent the en- 
joyfnent of leisure and cause unrest, and so 
tend to add to the waste caused by excessive 
labour turnover.* 

The increases in output due to the intro¬ 
duction of rest pauses are brought about, it 
appears, by the retarding of the development 
of fatigue. It is therefore to be believed that 
the elimination of excessive fatigue might 
still further increase output.* Normally the 
fatigue developed during the day’s work is 
eliminated during the rest of the evening and 
especially during the sleep of the night. But 
if the fatigue is excessive or the rest period 
insufficient, fatigue accumulates with increas¬ 
ing rapidity and is eliminated during the 
week-end rest, unless once again the fatigue 
is excessive or tl^a week-end rest period in- 
' sufficient.* Just as it seems that the rate of 
output depends as much on the distribution 
of the hours of work as on their length, so it 
may be shown weekly and monthly output 

• Cl. Chapter II, p. 17. 

• Cl. Drever, op. cit., p. 78. 

• Cl. Industrial Fatigue by Physiological Methods, 
Stanley Kent, p. 49. 
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depend to a great extent on the distribution 
of work and rest throughout the week. From 
laboratory experiments we are led to expect 
that, just as there is an optimal load w4iich 
gives the best results, so also there is a total 
length of work per day and week which will 
give the greatest possible efficiency as shown 
by output. Experiments and investigations 
made under normal factory conditions tend 
to support this suggestion by showing that a 
decrease in output and an increase in lost time, 
sickness, accidents and spoilt work may result 
from the working of long hours and may be 
remedied by a shortening of the working day. 
The examples which follow are taken from 
the reports made by investigators during the 
war. There was urgent need during this 
period for the maximum output from all 
factories engaged on munition work, and in 
the early days of the wax, acting “ on the 
baseless assumption that \ong hours mean- 
high output,”* workers and managers alike 
put in as many hours a week at their work 
as it was humanly possible to do. When 
doubt was thrown on the efficacy of this 
method to get maximum output, investiga- 

* Industrial Effictsncy and Fatigue, p. 13. 
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tions were made with the object of findmg 
what length of working day actually would 
give the maximum results over a period of 
mo*ths, or may be even years. No objections 
wojjld be raised by the workers however long 
these hours might be so long as health and 
physical efficiency were not impaired, and no 
account was to be taken of the costs of pro¬ 
duction—if an extra unit could be produced 
at a higher cost it was to be produced.* The 
value of the results of these investigations 
was increased by the fact that they were based 
on actual shop records and not on records 
made from workers under observation who 
are nearly always emotionally affected in 
different ways and in incalculable degrees by 
the presence of observers.* 

i. Examples showing increases in output 

following on the reduction of hours of labour : 

• 

(a) Women cng.'.ged in tire moderately heavy 
manual labour ci “ turning fuse bodies,” were 
working 74-8 nominal hours a week (68'2 actual 
hours of work) with an average (relative) output of 
6,820 per week. The nominal hours were reduced 
to 67'5 (actual hours of work, 61-6), and as there 


• Cf. Industrial Efficiency and Fatigue, pp. 17 and 18. 

• Cf. Sir Wm. Ashley, Lectures on Commerce, II. 
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was no immediate effect on the hourly output the 
total relative output fell to 6,591 units. As the 
effect of shorter hours became established, and a 
further reduction to 64-3 nominal hours (average 
actual hours of work 597 per week) took place 
output increased—the relative output per hoursTOse 
from 100 to 123, and the total relative output to 
7,343 units per week—an increase of 8 per cent in 
approximately 12 per cent less time.' 

{b) Men engaged in the heavy work of “ sizing 
fuses,” which is carried on independently of ma¬ 
chinery, had their hours reduced from 58-2 to 50-6 
—a reduction of 13 per cent. Their hourly rate 
increased 39 per cent, their total output 21 per 
cent.* 

(c) The hours of women engaged in "turning 
fuse bodies,” wliich is partly dependent on the 
speed of machinery, were reduced from 66 to 48-6 
per week—a reduction of 26 per cent, and the 
result was a 68 per cent increase in hourly output, 
and a 15 per cent increase in total output.* 

(i) Five voluntary Sunday workers working eight 
hours exceeded considerably the output of week-day 
workers doing a fourteen houis’^day. That is to say 
that, if they had worked only ,our days of eight 
hours a week, they would have done more than 
workers doing fourteen hours a day for a full week. 
As the week-day workers were, under the influence 
of patriotic motives, working their hardest, it seems 

‘ Industrial Efficiency and Fatigue, p. 18. 

* Cf. Myers, Mtnd and fVor/t, p, 75. 

• Ibid., p. 76. 
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probable that they could have increased their 
output if their time-table had been better arranged.* 
(e) The hours of youths engaged in " sizing base 
plugs ” were reduced from 70-3 to 57-0 a week. 
The Rourly rate increased 42 per cent and the total 
output 19 per cent. A fortnight later, for a period 
of three weeks, the hourly output was 55 per cent 
above the rate before hours were reduced—the total 
output 38 per cent above.* 

(/) A most important case, which was carefully 
investigated by Dr. Stanley Kent, and which will 
be referred to again later, was that of women 
engaged in Winding Surgical Dressings. Although 
payment for this work was by the piece, it was 
found that one woman very rarely worked over¬ 
time and never worked a pre-breakfast period, of 
two hours, becaus?; she said " the e.\tra rest enabled 
her to work so much more quickly that she was 
able easily to make up for lost time.” A careful 
record was made for a month of the output for 
each period worked by No. 14a, as this worker was 
labelled, and of that of three other workers selected 
for their speed. No. 14a \^orked eight hours a day, 
8.30 to 12.30 and 1.30 to 5.30 and was absent for 
one whole day and t'iree half-days during the month. 
In 160 hours she wound 52,429 bobbins. The other 
three workers worked twelve hours a day for the 
first fortnight, 6 to 8 before breakfast, and 6 to 8 in 
the evening overtime, and ten hours, no overtime, 
4uring the last fortnight, an average of 237 hours’ 

‘ Industrial Efficiency and Fatigue, p. 13. 

' Ibid., p. 21. 
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work, laie output of th*e best of them was 51,601 
bobbins, their average output 48,529. The output 
of the three other workers increased by 5 per cent 
during the fortnight in which no overtime was 
worked. No. 14a was not a faster worker tlian it 
was possible for the others to be, as at times^their 
output for a four-hour period was greater than hers, 
but they were unable to maintain the speed because. 
Dr. Kent suggests, the rate was limited by the 
fatigue of the workers. * 

ig) The total weekly output of women “ turning 
fuse bodies ” was the same during a 54-4 hour week 
as during a 66 hour week, and increased 13 per cent 
when hours were further reduced to 47-5 hours per 
week. For four weeks after the first change hourly 
output was unchanged, then it rose irregularly from 
an average of 108 to 131. For two weeks after the 
second change no change took place in hourly 
output, but later it rose gradually to 169. The 
need for a period of accommodation before the full 
results of a change become apparent is clearly 
shown.* 

From these examples, which could be sup¬ 
ported by many others w^re there space, it 
seems that there is a definite length of working 
day which produces the greatest output and 
which to increase will be to diminish not only 
the hourly rate, but often the total output 
also. If this be so, it is uneconomical from 

• Industrial Fatigue by Physiological Methods, pp. 37-41, 

• I.F.R.B. Report, tii, pp. 8-14. 
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every point of view to force workers«to work 
longer hours under any circumstances. This 
statement is disputed by Mr. Harrington 
Emerson,* who maintains that it is mislead¬ 
ing to say that shorter hours can ever increase 
output. He explains statistics of the earlier 
experiments, such as that at the Bicycle Ball 
Factory quoted by Taylor, in which the 
shortening of the hours from lO^-io-qJ-q-SJ 
resulted at each step in increased output* by 
saying that the old type of factory was only 
35 per cent efficient, and when hours were 
shortened the methods were changed too and 
made more effioient, and this caused the out¬ 
put to increase instead*of to diminish. He 
points to sporting records to prove that more 
is always done in a longer time. This second 
point is of little value, as the conditions of a 
race are very different from those of a factory. 
Obviously, however nfuch work a man has 
done, by a suprer le effort he could do a little 
more in a lon^ time, but only by incurring 
a more than {Proportionate amount of fatigue 
which, under industrial conditions where the 
work is carried on day after day, week after 

• Cl. Muscio, op. cit., pp. 72, 73. 

' F. W. Taylor, The Principles of Scientific Management, 

pp. 86-«7. 
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week, Vear after year, would result in a 
lessened output on succeeding days and per¬ 
haps to complete inability to work for a 
considerable time.* There was a great* deal 
of truth in his first point as applied to many 
of the earlier experiments in diminishing the 
hours of labour. Much of the increase was 
due to improved machinery and methods.* 
But in the experiments and investigations, of 
which I have given the results above, care was 
taken that no other factor was involved. For 
example, in case (/) the only difference be¬ 
tween different workers was the number of 
hours worked. With reference to case (a) Dr. 
Vernon says, " It might be thought that the 
great improvement in hourly output under 
the shorter hours’ regime was due, partly or 
wholly, to increased skill of the operatives or 
improvements in the machinery. Neither of 
these hypotheses can be substantiated.”® On 
investigation there was fdjjnd to be little 
difference in skill between tvi'tj, groups, one of 
which had been engaged in turning fuse 
bodies for five months previous to the statis- 

' Cf. Drever, op. cit., p. 79. 

* Cf. Sir Wm. Ashley, Lectures on Commerce, II, " The 
Efiect of the Ten-Hour Act." 

' Industrial Efficiency and Fatigue, p. 18, 
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tical period, and the other for one and a half 
months only. " No change had been made in 
the tools, the machinery, the nature of the 
operation, or the quality of the alloy used 
during the statistical period dealt with, or for 
four and a half months previous to it.” More¬ 
over, this statement is confirmed by the fact 
that a group of workers which when working 
only 5I'8 to 62'6 hours per week, instead of 
the usual 75 to 77 hours, was producing 18 per 
cent more per hour than a group working the 
longer hours, was put on to the longer hours 
when the output of the two groups became 
identical* • 

Dr. Stanley Kent has given a physiological 
explanation of this astounding result which 
seems to upset, as modem science so often 
does, what had seemed to be a commonsense 
belief—that longer hours imply increased out¬ 
put.* When a man is* working to his full 
strength, as is m»rmal in industry to-day, 
most of his enej^ is expended by the even¬ 
ing. Next mmning he has a new supply 
available which carries him on for another 

• Industrial Efficiency and Fatigue, p. 19. 

• Cf. T. H. Pear. " The Applications of Psychology to 
Industry,” Industrial Administration, p. 26. 
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day, bu! as the course of recovery at night 
is seldom perfect" an increasing debit balance 
is carried forward from day to day to be 
liquidated at the week-end.” In thisVay 
equilibrium is maintained between the forces 
of destruction and those of restoration. The 
factors on which depend the maintenance of 
this equilibrium are : 

i. The original store of energy. 

ii. The rate at which it is expended. 

iii. The rate at which it is regenerated. 

iv. The length of the period of labour. 

Of these the only factor which can be varied 
quickly at the will oi the worker if the other 
factors are changed and the equilibrium de¬ 
stroyed is (ii), which depends upon the degree 
of application of the worker to his task. If, 
when the system is in equilibrium, the hours 
of labour are extended—as, for example, by 
the introduction of overtime—the balance of 
expenditure and regeneration is upset, fatigue' 
becomes disproportionately ^reat, yet the 
time for recovery from fatigue becomes 
shorter, and to prevent a complete breakdown 
a readjustment is necessary. This can only 
be brought about by “ balancing," the ‘‘ ad¬ 
justment of the application of the worker to 
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his task,” so that although extra h( 5 urs are 
worked application will be relaxed and the 
fatigue produced per hour will be diminished. 
As aT-esult the general efficiency of the worker 
will be lessened and the total output may be 
decreased, so that the overtime may often 
defeat its own object—the increase of out¬ 
put.* To this pliysiological explanation must 
be added other partial explanations—some of 
the increase is due to decreases in lost time, 
in the number of accidents, and the amount 
of spoiled work and in the diminished rate of 
labour turnover, as well as to the fact that 
there is a tendency for^sliort hours to en¬ 
courage the invention and installation of faster 
machines and better systems of management, 
although this stimulus may not be felt imme¬ 
diately. 

ii. Examples showing decreases in the 
amount of lost time, sickness, accidents, 
spoiled work and rate of labour turnover; 

(«) Stanley found from a careful investiga¬ 
tion that, "where an estimate was made of the 
time lost by the worker . . . the suspension of 
overtime was found to result in a saving of 4^ per 
cent. The subsequent suspension of the early 

* Cf. Stanley Kent, Industrial Fatigue by Physiological 
Methods, pp. 4^50. 
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morning period was followed by a further diminu¬ 
tion in the time lost.” * 

(i) Mr. T. Loveday in " The Causes and Condi¬ 
tions of Lost Time ” * reports that " the effect of 
long liours, much overtime, and especialfy of 
Sunday labour, upon health, is undoubtedly^ost 
deleterious. In one factory in the Midlands . . . 
in the spring, no fewer than 22 per cent of the men 
were at one time sick ; but the number of men on 
the sick-list in August, when Sunday work had 
been much reduced, was only a trifle over 4 per 
cent of the whole body . . . and I see no reason 
to doubt the manager’s view that the weather was 
less accountable for the change than the restriction 
of Sunday labour.” ^ 

(c) The following records show the change in 
absenteeism in two largf factorie?employing female 
labour, by comparing the figures for six months 
before the change from 55 hours to 49 hours a week 
with those for the six months after it. 


I 


Average number of hours lost 

Before 

After 

each week overheat^ for any 

reason .... 

377 

2-54 

Percentage of gross possiUe 

hours lost for any reason 
Percentage of employees absent 

0^ 

do 

5 -i 6 

one morning a week . 

10-93 

(Fora 

hours). 

2-51 

(For4l 

hours). 


• Cf. Stanley Kent, Industrial Fatigue by Physiological 
Methods, p. 65. 

• Industrial Efficiency and Fatigue, pp. 41-67. 

• Ibid., p. 53. 
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II 


Average number of hours lost 
each week overhead for any 

Before 

After 

teason .... 

Percentage of gross jxissible 

2-66 

1-85 

hours lost for anv reason 
Percentage of employees absent 

48 

3-8 

•at all for any reason . 

18-0 

7'6 


The investigation reported that piece workers' 
earnings on an average were increased owing to 
their more regular attendance and greater vigour ; 
health was improwd ; work was iK'tter both in 
quality and quantity ; and the total output was 
increased although even taki)]g into account the 
better attendance, the number of hours worked 
was reduced.' • 

(d) Muscio * gives figures obtained in (jermany, 
in investigations in connection with a compensation 
for accidents scheme, which show that the numbt-r 
of accidents was dispropoitionatelj- great in the 
last two hours of each spell of woik. Statistics 
obtained in U.S.A., England, France, Belgium and 
Italy show a remarkable correlation Ix'twccn tables 
showing the number of accidents at various hours 
of the day. Thi/ is explained by the fact that 
fatigue shows it.Jlf early in a want of co-ordination 
between brain and muscle, and in the failure of the 
power of concentration. This may not be subjec¬ 
tively realised, but is " shown objectively by an 

* Table and report taken from the above report, p, 59. 

• Op. cit., p. 53. 

7 
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increase ilh trifling accidents due to momentary 
loss of attention.” * 

(fi) Perhaps the subjective evidence of a keen > 
observer, with factory experience, may be heard 
with advantage on this point: 

" Since Thursday he’d been working overtime, • 
With only three short hours for food and sleep. 
When no sleep came, because of the dull beat 
Of his fagged brain. . . . 

And though at first the colours made him glad 
They soon were dancing in his brain like mad; 

And kept on flaring through his burning head: 
Now, in a flash, the workshop flaming red; 

Now blazing green, now staring blue ; » 

And then the yellow glow too well he knew: 

Until tlw sleek machine with roar and glare, 

Began to take him in a dazzling snare, 

When fascinated with* a senseless stare. 

It drew him slowly towards it, till his hair 
Was caught betwixt the rollers; but his hand 
Almost before his brain could understand 
Had clutched the lever, and the wheels were stopped 

(/) In an investigatioiT into “ Spoiled Work in 
Industry, with reference to the Time of Day and 
Type of Operation,” A. H. Rym and P. Sargant 
Florence • found that spoiled wor\was most abun¬ 
dant at the beginning and near the Aid of the day, 
and that where a fast pace was set by a machine 

‘ indusinal Efficiency and Fatigue, p. 13, 

* Wilfrid Wilson Gibson, The Machine. 

• Investigations for the N.I.I.P., see Journal, pp. 193- 
197 - 
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it increased steadily throughout the da^. It was 
found to be greatest where the work demanded fine 
sensory discrimination. 

(g^ The effect of sliorter liours combined with 
better wages, and an attempt at vocational selec¬ 
tion* on labour turnover, is shown by the com¬ 
parison of an eight-hour plant in U.S.A., where 
labour turnover was only 30 per cent during the 
year of observation with a ten-hour plant where it 
was ryb per cent.‘ 

This evidence is further substantiated by 
the mass of statistics which were obtained by 
war-time committees apix)inted to investigate 
the industrial problems raised by the shortage 
of labour and •the need for enormously in¬ 
creased output of certain products. As a 
result of these discoveries the truth of Dr. 
Stanley Kent’s words, with which this chapter 
opens, seems obvious. Excessive fatigue not 
only diminishes output, but alscj increases the 
number of accidents, the waste due to spoiled 
work and tire waste due to excessive labour 
turnover, and makes the workers less efficient 
and less satisfied because of the ill-health 
which it produces. 

The evidence on these points has been set 

> VnUtd Sinks Public Health Bulletins, No. 106, pp. 
155-174; abstracted N.I.I.P.J., p. joi. 
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out at grfcat length because of the importance 
of the conclusions to which it leads. 

i. The discovery that there is in all proba¬ 
bility an optimal length of day which will 
give the maximum output under norjnal 
industrial conditions for the minimum outlay 
per unit of human effort, capital* and over¬ 
head expenses’ seems to simplify greatly the 
question of the hours of labour over which 
many industrial disputes between employers 
and workers have arisen. Obviously if, as all 
the evidence seems to prove, this is true, tlie 
maximum hours which it will be to the 
interest of employers to employ the workers 
can only be settled by investigation into the 
particular industry by specially trained ex¬ 
perts who should be under the joint control 
of the workers and the management.’ It does 
not follow, of course, that the optimal length 
of day from the point'of view of output will 
be accepted by the workers, for, in some 
industries it might be far lon^'r than present 

'v, 

' If a greater output can be obtained from the same 
machines, factory, etc., the capital charges per unit will 
be decreased. 

• The overhead expenses will be decreased by diminu¬ 
tion of labour turnover, spoiled work, etc. 

' Cf. settling of cotton piece rates for difierent machinea. 
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hours, although the evidence seem^ to show 
that in most cases it would be shorter. If it 
were longer, the question would have to be 
setfled by bargaining, as part of the reward 
of workers in some industries is paid in in¬ 
creased leisure. Teachers, for example, get 
lower wages than workers so highly trained 
and needing such initial ability normally com¬ 
mand, because of their longer holidays and 
shorter hours. The joint control of the expert 
by workers and employers secuns to me to be 
essential to the success of the scheme. The 
experiences of the last centmy, during which 
it has been almost umversal for employers, 
following tradition rather than experiment, to 
disobey physiological laws in the supposed 
interests of gain* has aroused suspicion in the 
workers, so that they would not be likely to 
accept the findings of^an expert whose whole 
future was in the hands of the employers. 

ii. The second conclusion follows closely on 
the first. If the optimal day is being worked 
it is uneconomical to work overtime ; if it is 
not being worked, the number of hours of 
overtime which can be worked with profit to 
the employer is the difference between the 

• Cf. Induslrial Efficiemy and Fatigue, p. 12. 
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number 6f hours now worked and the optimal 
number of hours. This conclusion is con¬ 
firmed by the discovery of Myers* and Vernon’ 
that if, when hours have been reduced ^nd 
after the usual period of adaptation, ou^ut 
has increased, the old long hours are reintro¬ 
duced, the result is an immediate return to 
the old, slower rate of output—due to the 
often unconscious process of “ balancing.” 
This is illustrated by the work curve’ repro¬ 
duced opposite, which shows the successive 
changes in output following on a decrease in 
the hours of labour of Tinplate Millmen and 
the subsequent return to the longer hours. 

If overtime were worked on two or three 
nights a week the result would be that 
throughout the whole week the hourly rate 
of output would be that of an eight-hour 
shift instead of that of a six-hour shift, and 
some time would be needed on going back to 
the shorter hours for adaptation to take 

place.* The vexed question of overtime 

V 

* Op. cit., p, 79. 

• " Output in Relation to Hours of Work ’’ in Industrial 
Efficiency and Fatigue and Industrial Fatigue and Efficiency, 
Dr. H. M. Vernon. 

• Taken from I.F.R.B. Report, No. vi. 

* Cf. N.I.I.P.J., p. «. 
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could therefore be settled without double if 
the discoveries of physiology and psychology 
were applied to its solution. How is it, we 
are* led to wonder, that if this is the case 
ovytime has ever been worked as a means of 
increasing output ? The answer may be 
partly because of ignorance of its effects over 



a long period of time (it took two years of 
war-time experience to tcacli the lesson to 
munition factory managers), partly because 
its effects are not in some cases immediate 
but are duf to the accumulation of fatigue,* 
and partly because in some cases there is re¬ 
striction of output during the day to such an 

» This suggestion was put forward in conversation by 
Pr. Myers in March, 1923. 
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extent that there is a reserve of energy at the 
end of the day.‘ 

It is to be feared that much of the valuable 
experience gained during the war periochhas 
been forgotten,’ and with it the advice ^nd 
warning given by the Health of Munition 
Workers Committee in its Interim Report. 
It would be well if our industrialists would 
read it and take note. 

" It is certain,” they say, “ that unless our 
industrial life is to be guided in the future by the 
application of physiological science to the details 
of its management, it cannot hojx; to maintain its 
position hereafter among some of its foreign rivals, 
who already in that respect have gained ".i ^'''sent 
advantage.” ’ 

^ In some cases, too, the optimal length of day may 
exceed the hours worked. 

• Sir Wm. Ashley. Lectures on Commerce, II. 

* Industruil Efficiency and Fatigue, p. i6. 



CHAPTER IV 

MOTION STUDY AND THE ADJUSTMENT OF 
MATERIAL CONDITIONS TO THE WORKER 

O NE of tlic most important of the 
innovations introduced by the 
American Efficiency Engineer, and 
one which has aroused great interest and 
keen opposition in many quarters, is the study 
of the ^ed and manner of tlie motions in¬ 
volved in the performance of an industrial 
operation and the evolution of new methods 
assumed to be more efficient. The method 
favoured by Taylor* and highly developed by 
Gilbreth* consisted in analysing the job— 
dividing each cycle of motions into its con¬ 
stituent elements and observing the method 
used and the time taken for each element by 
a number ol^workers skilled in the job and 
taken if possible from widely different fac- 

* Taylor, The Principles oj Scientific Management, 
pp. ii8 and 119 and elsewhere, and Shop Management, 
pp. 112, 113. 

• GUbretb, F. B. and L. M., Applied Motion Study, 

105 
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tories; eliminating any of the elements which 
seemed superfluous, faulty or slow; and 
collecting into one series the quickest and 
best elementary movements. The new method 
of work which resulted from this synthesis was 
made “ standard ” and enforced throughout 
the factory. Their manner was to bribe 
workers by offers of higher wages to work 
their fastest while being timed, or in some 
cases even to time them secretly, using for 
this purpose a cunningly devised notebook 
containing a stop-watch. Gilbreth avoided 
the many possibilities of error which made 
Taylor’s primitive methods most unscientific* 
by using elaborate p’liotographical apparatus 
—cinematograph and stereochronocyclegraph 
—but did not escape from the fallacies ex¬ 
pressed in the principles underlying this 
method nor from the mistake of seeking to 
increase output at all*costs, which led to the 
offer of stimulants to increased production 
being made at the same time as the new 
methods were being introduced The mis¬ 
takes of the Scientific Management Engineers 
have been very fully exposed by Professor 

* Cf. Hoxie, Scientific Management and Labour, p. }J 
and elsewhere. 
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Hoxie*: by Dr. Myers,* who descrilfed their 
methods as “ largely empirical or guesswork ” 
and based on “ a psychologically unwarrant- 
able^nd vicious procedure ” ; by Sir William 
Ashky* and Mr. E. Farmer,* and no good 
purpose would be served by going more 
deeply into the matter here. It is sufficient 
to observe that both in method and in manner 
the Industrial Psychologist condemns as un¬ 
sound what was, according to Taylor,* the 
very keystone of the arch of his system. 
Nevertheless he is keenly aware of the enor¬ 
mous waste of human energy involved in the 
use of inejftcient* methods, and much careful 
research into the question of the improvement 
of methods and the encouragement of the 
workers to use the new and efficient methods 
devised is being carried on in tliis country 
under the direction of the National In.stitute 
of Industrial Psychology-. It will jx^rhaps be 
better if we refrain from quoting (as far as is 

' op. cit. 

* Dr. Myers^Afi«d and Wor/i, p. 26; c(, also " The 
Efficiency Engineer and the Industrial Psychologist," 
N.I.I.P.J., pp. 168-172. 

» Scientific Management and the Engineering Crists, p. 18. 

* I.F.R.B. Report, xiv, p. 34 ; cl. also " The Economy 
of Human Effort in Industry," N.I.I.P.J., pp. I8-.22. 

* Shop Management, p. 148. 
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possible) the results obtained by Taylor and 
Gilbreth, which, although they show what 
remarkable results may follow changes in the 
method of performing an operation, dd not 
give sufficient data to allow us to estimate 
how much of the improvement is due to new 
motions and how much to other changes, and 
use instead the carefully checked illustrations 
given in the Journals of the National Institute 
of Industrial Psychology and in the Reports 
of tlie Industrial Fatigue Research Board. 

The general jirinciples followed by the 
Industrial Psj'chologists in their investiga¬ 
tions of tlie best methods of''applj 4 rg.jjuman 
energy in different factories seem to be these : 

i. The consent, and if possible, tlie full co- 
ojjeration of the workers is obtained before any 
investigation is begun and any changes are made.* 

ii. No new rricthod of payment or other factor 
likely to encourage the' workers to increase their 
efforts must be introduced at the same time as a 
new method of work.’ 

iii. The effect of the change should be judged, not 
by increase of output, but by db:rease in the 
fatigue of the workers in producing an equal or 
greater number of units of work. If fatigue is 

• Cf. Myers, Mind and Work, p. 27 ; cl. also N.I.I.P.J., 
p. 169, 

• Cf. Eric Farmer, N.I.I.P.J., p. 19. 
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reduced the output will in time be increased, but 
U the increase in output is made the object of the 
change, “what purports to be a scientific investiga¬ 
tion degenerates into a process of speeding up."* 
Fatigfie can be judged by the shape of the work 
curve,and to some extent by the subjective feelings 
of the workers.* If output is increased without 
any encouragement being given to the workers to 
increase tlreir efforts in any way, it may be assumed 
that tlie increase is produced without added 
fatigue. 

iv. The series of motions involved in tlie opera¬ 
tion should be studied as a whole, then each elemen¬ 
tary motion should be observed and timed. If 
great differences are found—as is often the case— 
between the times taken in doing the same element 
by uiffejsjjMvorkeft, spccia^ care must be devoted 
to finamg the cause of the difference and making 
any improvements which will make the series as a 
whole more efficient—that is, either more prtxluctivc 
or less fatiguing or both, 

V. In devising new methods it must not be 
assumed that a shorter series of movements is 
necessarily preferable to a longer series. It has 
been found that “ a longer, continuous sweeping 
movement may prove far less tiring than a series 
of shorter angular ones, and a slower rhythmical 
rate may of iSurse be more effective in the end 
than a faster one." ’ 

• Erie Fanner, l.F.R.B. Report, xiv, p. 34. 

• Cf. Chapter III, p. 66. 

• Dr. Myers, N.IJ.P.J., p. 170; cf. also below. 
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vi. Ke&ping in mind this question of rhythm, we 
may still find it possible to eliminate false and 
unnecessary movements without prejudicially affect¬ 
ing the remaining movements as regards ti^e or 
difficulty, and so substitute fewer, more efficient, 
more rapid or less fatiguing movements for •com¬ 
paratively inefficient ones.' 

vii. One point to notice in this respect is that 
one of the most fatiguing processes of the mind is 
that of discrimination which involves close and 
conscious attention. Therefore, wherever possible, 
avoid this process by making rhythm the basis of 
the operation. A rhythmical process is one " which 
tends to repeat itself without conscious and deliber¬ 
ate effort, because it carries with it a certain affec¬ 
tive tone of a pleasant kind, and is not hindered by 
having to overcome checks.” The'pfitnoc’enon 
of rhythm will be fully discussed later on in this 
chapter. 

viii. Again, it has been shown that there is less 
effort needed to lift both hands together than to 
raise them one after another. If it is possible, 
therefore, it is advantageous to combine similar 
movements of the two hands.’ 

ix. Many motions are only made necessary by 
the relative positions of tools and' materials, and 
can be eliminated by the better ajj-angement of 
these accessories, or by the provision of simple 
apparatus which allows better adjustment of the 

' Cf. Drever, The Psychology of Industry, p. 82. 

• Eric Farmer, p. 20. 

• Dr. Myers, Mind and Work, p. 18. 
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material conditions to the needs of the* worker. 
I am forcibly reminded of Gilbreth’s ‘ famous 
illustration of this point, with regard to bricklaying, 
by the fact that a foreman bricklayer at work on a 
bungalow, just in front of my window as I write, 
is engaged in laying bricks on a wall which is now 
some six feet high. His bricks are in a loose heap 
’ at his feet and his mortar board is on the ground 
near. Every time he needs a brick or some mortar 
he lowers his body, then raises it loaded through 
several feet, the nine-pound brick he raises through 
some six feet to the top of the wall. By introducing 
an adjustable scaffold, a table to take the mortar 
box, 'Which was found to be better than a board, 
and the bricks so arranged that they could be 
taken up exactly in position for laying; and by a 
reduction k.^he other moverijents involved, Gilbreth 
increased the number of bricks, which a man could 
lay apparently without increased fatigue, from 120 
to 350 an hour. Much waste of human effort is 
occasioned by faulty routing, inadequate space, the 
irregular supply of materials, unsuitable work 
places, benches, tables, etc, and tools of the wrong 
size and weight. Where these conditions are out¬ 
side the worker’s control they are also, if badly 
arranged, a source of constant though unknown 
irritation to the workers®—a psychological state 
which has b^n shown to have a deleterious 

‘ Cf, GUbreth's Applied Motion Study, quoted Myers, 
Drever, Taylor, etc. 

• Cf. " Ad Investigation into the Tin-Box Industry,” 
Farmer and Brooke, N.I.I.P.J., p. 9. 
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effect on both the quantity and the quality of 
the output.* 

X. It must be remembered throughout, that 
owing to the great differences in physical build and 
strength, age, habits, psychological qualities and 
character, which exist between individuals,,it is 
highly improbable that any one method, however 
good, will be the best for all persons.’ Therefore, 
there must be no attempt to force every one into a 
common mould, as it were—the worker should be 
free to affect any method which he finds to be as 
effective as the “ standard.” 

The application of these principles and the 
value of the results obtained can best be seen 
from a few illustrations. 

On investigation into the Tin Box Industry,* 
an occupation consisting mainly of repetitive 
work on presses of various kinds, many ad¬ 
justments were found necessary to save 
unnecessary fatigue and wasted movements. 
It was found that the size of the sheets of 
metal supplied affected fatigue and output. 

> Cl. " An Investigation into Breakage Problems,” 
Miles and Eyre, N.I.I.P.J., pp. 137, 138 and 139. 

• Cl. Chapter 11. 

• Cf. Myers, N.I.I.P.J., pp. 168-9, ". . . harmful . . . 
and . . . impossible to achieve because no two individuals 
can be trained to precisely the same features of rhythm and 
movement." Cf. also Mind and Work, p. 22. 

• N.I.I.P.J., pp. 9-11. 
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When the optimal size of sheet for &ch pro¬ 
cess was ascertained and sheets of that size 
supplied, the work was so greatly facilitated 
thair output was increased as much as 34 to 
39 per cent. The lids, which were stamped 
out by certain presses, collected on top of the 
press, were swept off into a box on the floor, 
which soon was overfull and so fell on to the 
floor. Seventy-four minutes per worker each 
day was spent in collecting these lids from the 
floor, but a simple device obviated much need¬ 
less'stooping and enabled the collection to be 
made in ten minutes. The tin plates were 
kept at tlip,side»of the presses and had to be 
lift(fd to the level of the top of the press. In 
the case of the heavy presses girls complained 
that this tired their arms. Boxes were 
arranged so that the sheets were level with 
the top of the press. A saving of 9 per cent 
in time resulted, and tfie girls said that their 
arms no longer ached with fatigue. 

A very careful study was made of the pro¬ 
cess of packing chocolates.* Each element 
was timed and examined, and it was found 
that much time was wasted in discriminating 

* "An Investigation into the Packing of Chocolates," 
N.I.I.P.J., pp. 12-17. 

8 
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between different chocolates and “ endeavour¬ 
ing to overcome mental states of indecision 
by voluntary effort.” This was largely due 
to the haphazard method of arranging the 
chocolates made necessary by the type of 
bench. A new type of bench was introduced 
which allowed of the arrangement of the 
chocolates, so that the work depended rather 
on the rhythm of the movement than on a 
series of voluntary decisions as before. No 
other alteration was made, but the girls were 
encouraged to use both hands together instead 
of one a time. Five packers used the new 
bench for four days^ each. The “itverage, in¬ 
crease in output was 35 69 per cent, the 
highest 53-03 per cent. The averages for the 
four days were 168, 188, 189, 191, figures 
which show an obvious practice effect, so that 
further increases in output would be expected 
with practice and adaptation. The hourly 
output curves showing the old and new 
methods are very instructive. Under the old 
method the curves rose during the morning, 
fell off after the limch hour, and from 4.30 
to 5.0 fell very rapidly indeed. Under the 
new method the whole curve is at a higher 
level; the morning increase is more marked, 
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but the rapid fall in the afternoon showing 
the development of fatigue is completely 
absent. 

A repetitive process in a sweet factory 
whiih took on the average two seconds was 
found to involve three stoppages and three 
changes of direction.* By introducing a con¬ 
tinuous curved movement instead of a dis¬ 
continuous angular one, the time was reduced 
and the output was increased by 27 per cent, 
althgugh the actual line followed by the hand 
was slightly longer. 

In the case of girls engaged in metal polish¬ 
ing,,, jt was'IounS that in tlie morning they 
made fewer movements with less effort and 
greater speed to accomplish the same results. 
This suggests that when fresh the worker 
performs the operation " with a natural 
rhythm and dexterity *vhich enables her to 
maintain a high output with comparatively 
little effort.”* 

In the clothing industry in U.S.A. experts 

■ Cf. Eric FSrraer, The Economy of Human Effort in 
Industry, ibid., pp. 18-22 ; and cf. also I.F.R.B. Report, 
riv, pp. 39-40. 

• Ibid., cf. also Bernard Shaw, Casket Byron's Profession. 
Cashel Byron’s lecture in the salon of Mrs. Ifoskyn, and his 
demonstration that " ease and strength, effort and weak¬ 
ness ” go together. 
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c * 

reported that 45 per cent of the work of 
" finish pressers " was unnecessary, and the 
methods of some of these were only 57 per 
cent as effective as the best methodb in 
use.* 0 

The phenomenon of rhythm has been re¬ 
ferred to several times, and indeed would 
seem to be of the greatest importance in 
finding the best method of doing any repe¬ 
titive operation. So far there would seem to 
be no complete psychological explanation of 
its effects, but it is probably due to several 
different phenomena which are involved. The 
first is due to the fapt that 'If a Muscular or 
mental act A is frequently followed by the 
act B, then the performance of act A will tend 
to produce at least a readiness in the human 
system to perform the act B. If an attempt 
is then made to follow,.act A by act C, “ inter¬ 
ference ’’ is set up: act C is impeded by the 
preparedness of the system to do act B. If 
A is usually followed by B but sometimes by 
C, there will be a loss of facilitation in doing 
act B and interference with the performance 

' Waste in Industry, by the Committee on the Elimina¬ 
tion and Waste in Industry of the Federation of the 
American Engineering Societies, p. 109. 
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of act C.* Furthermore, rhythm* has an 
emotional effect and lessens strain and fatigue 
by making voluntary attention less necessary 
andr relieving monotony, which is purely a 
subjective feeling. In this way work is facili¬ 
tated and made more pleasant. 

The explanation of the facilitation effected 
by rhythmic action may be physiological. 
It may be that a slower, rhythmic movement 
allows more complete recovery from fatigue, 
as in the case of the heart which beats for 
many years normally without any accumula¬ 
tion of fatigue, and so enables the movement 
to be repeated more times during the day.* 
It might also be suggested that certain natural 
sequences involve actions which may appear 
useless, but which allow the muscles to work 
freely. To give an extreme example as an 
illustration, if the fist is clenched with the 
thumb inside it and pressed hard under the 
armpit, then the hand is unclenched and the 
thumb moved outwards, it is with many 
people a physiological impossibility to re¬ 
clench the fist with the thumb inside without 
first withdrawing the fist from under the arm- 

* Cf. Drever, op. cit., p. 83. 

• Cf. Chapter III, p. 71. 
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pit. This movement of withdrawal might 
appear useless, but tb eliminate it would be 
to make tlie action of moving the thumb in 
and out of the hand impossible or enly 
possible with very rapid development of Ipcal 
fatigue. This may serve to illustrate a general 
principle that there are sequences which must 
be respected—natural rhythms which enable 
the muscles to work freely and naturally and 
without undue fatigue. To disturb these, as 
might be done by one who wanted to get 
greater speed by eliminating all apparehtly 
unnecessary movements without regard to 
their physiological significance, might make 
the movement quickw as a single act, but 
cause a rapid development of fatigue.* 

The results of encouraging girls engaged in 
chocolate covering to use a rhythmic in place 
of a jerky movement was not only to save 
time in the per{orman& of the operation, but 
also to make the new movements so easy that 

' This point is important as it destroys the idea of 
general synthesis of new movements from *^e elements of 
entirely different movements, which led Taylor to suggest 
" Handbooks of elementary times comparable to En¬ 
gineering Handbooks,” and Gilbreth to suggest Interna¬ 
tional Exchanges of standard times. I submitted this 
point to Hr. Myers, who expressed his entire agreement. 
(Letter dated March 21, 1923.) 
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the girls were at first reluctant to ad«pt them 
as “ they felt that by so doing they could not 
be working as hard as they ought 
In an investigation in a coal mine the 
milkers’ confidence was won by the investi¬ 
gators,® and they readily consented to be 
taught a new method of swinging their picks. 
The new method was the substitution of a 
slower, continuous rhythmic movement in 
getting coal to allow time for withdrawal 
from the soft coal in which the pick tends to 
stidc and to save energy needlessly expended 
in checking the upward stroke and in regain¬ 
ing momeijjum^or the downward stroke. The 
cdhiparative output for ten weeks under 
the old method and ten weeks—including the 
learning period—under the new showed an 
improvement of 10-4 per cent in daily output. 
As this does not allow for practice effects and 
the difficulty that wotild result in the case of 
these men long used to the old method from 
habit interference, and taking into account 

‘ I.F.R.lf. Report, xiv, pp. 44-45. 

* E. Farmer, S. Addams and A. Stephenson, " An 
Investigrtion in a Coal Mine," pp. 125-131. 

N.B.—^The under-manager said the place worked in during 
the second period was harder than that worked in during 
the first. 
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also the small proportion of the day which is 
spent in using the pick—^this result is very 
remarkable indeed. If young workers who 
had not the old, less efficient habits were 
taught the new methods even better results 
might be expected. 

Several psychological problems are raised 
by the question of training workers in the 
new and better methods and by the general 
question of the adequate training of new 
workers. If a wrong movement is learned it 
tends to retard and impede the learning of a 
better method. It would appear wise, there¬ 
fore, to teach the new method from the start 
to avoid loss of efficiency due to the intrusion 
of the old habits. It is often easier to teach 
a novice a new method than to teach one 
skilled in the old method—hence perhaps the 
dislike of old skilled workers to such changes.* 

The distribution of repetitions is important. 
Tests have shown that ten minutes’ practice 
a day for six days gives loo per cent more 
skill than two hours’ practice at oqe sitting.* 
The process of memorising has been shown to 


* Cf. Drever, The Psychology of Industry, p. 87; cf. also 
T. H. Pear, Industrial Admmtstration, p, 46. 

* Ibid,, p, 89. 
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be more easy in many cases if the oj)eration 
is repeated as a whole rather than if each 
element is practised separately.* I^oo rapid 
progress in learning may defeat its own end 
as the learning curve is shown to rise in a 
series of plateaux, so that in learning a com¬ 
plex process the lower co-ordinations must 
become automatic before attempts are made 
to practise the higher—otherwise interference 
occurs between the two sets of habits.’ 

Gilbreth has claimed that the stereochrono- 
cyclegraph shows that fast motions follow a 
different path from slow motions.® In that 
case, when an instructor tries to demonstrate 
a method slowly there is’danger that his move¬ 
ments will not be those he uses when working 
at best speed.* It may be necessary to en¬ 
courage workers to aim at the right method 
at the right speed rather than, as is more 
usual at present, aiming at quality and hoping 
speed will follow in due course. 

The importance of correct training was 

‘ a. Muscip, Lectures on Industrial Psychology, p. 14. 

• Drever, op. cit., pp. 90, 91. 

• Gilbreth, Applied Motion Study; cf. also Myers, 
Mind and Work, p. 26. 

• Cf. diflSculties mentioned by E. Farmer, N.I.I.P.J., 
p. 74. " The more skilled (a worker) is the less he knows 
what he does." 
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illustrat«d in an investigation into the pack¬ 
ing of chocolates. Five backward workers 
were giveA a three weeks’ course, during which 
they were taught to arrange their matejials 
systematically and to use both hands in a 
rhythmic easy manner. Before instruction 
their time for packing four dozen half-pound 
boxes of chocolates varied from 232 to 429 
minutes. The instructor took 156 minutes. 
The average increase in efficiency was 27 per 
cent—the greatest increase 37 per cent. The 
times taken now varied from 195 to *273 
minutes. This increase could not be due to 
practice effects, as the test of^our^dozen half- 
pound boxes of X-cht)Colates was perfonrfcd 
only three times.’ 

When new girls were given systematic 
training on entering the packing-room, in¬ 
stead of picking up the work in the usual way 
under the supervision of a very busy inspector, 
they showed themselves to be 26 per cent 
more efficient in their fourth week than were 
girls trained in the ordinary way in their fifth 
week. The advantages of such a training 
school are that the new workers attain quickly 
a good standard of efficiency and can therefore 

^ E. Farmer and A. B. B. Eyre, pp. 68-75, 
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earn a good wage more quickly, and that it 
shows at once if a girl is totally unfitted for 
the work. If so, she leaves that woA without 
having wasted perhaps a year or two during 
whi^h she might have learned a more suitable 
process. 

Motion study has therefore the additional 
advantage of increasing the transferability of 
skill—an advantage which may if abused 
bring overwhelmingly greater disadvantages 
in its train. It is an advantage to which the 
American Efficiency Engineers gave tremen¬ 
dous importance* and which, more perhaps 
than any other Result of their system, aroused 
thb violent and perfectly natural antagonism 
of organised labour. The present system, 
governed predominantly by the doctrine of 
laissez-faire (Huxley’s “Anarchy plus the 
constable has resulted in this country in 
the development of an ftft-times bitter struggle 
between employers organised in their indus¬ 
trial groups and workers organised either on 
the basis of craft or of industry. The power 
of the employers rests in their ownership of 


> Cf. Taylor, Shop Management, pp. 28, 105, 106; and 
cf. also Sir Wm. AslJey, op. cit., pp. 20-27, Gilbreth, 
Applied Motion Study, p. 82. 



124 INDUSTRIAL‘PSYCHOLOGY 

all the fnaterial requisites of industry, and 
their position is strengthened by the fact that, 
although In the long run they have as great 
need of the men as the men have of tl?em, 
“ their need is not so immediate.”* cThe 
strength of the workers depends entirely on 
their monopoly of the skill in case of craft 
unions, the labour power in case of General 
Workers’ Unions, necessary to operate the 
machines and use the materials of the em¬ 
ployers. The effects of facilitating the transfer 
of skill are: 

i. New workers can rapidly be trained to take the 
place of those who do not accept the employers’ 
conditions. 

ii. Movement study has shown remarkable resem¬ 
blances between specialised processes in widely 
different industries* which will enable the workers 
in these different branches to replace one another. 
In this way the barriers .between different crafts, 
on which the strength of Craft Unionism depends, 
will be broken down, and those Unions will be in 
a weaker position in bargaining for wages and 
conditions of labour. 

iii. The tendency to replace skilled men by less 

• Adam Smith, Wealth of Nations, Book I, Chapter 
VIII, 

• Gilbreth, Applied Motion Study; T. H. Pear, Indus¬ 
trial Administration, p. 46. 
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skilled, already strongly marked owing to the war¬ 
time introduction of" fool-proof ” machines, tended 
by unskilled workers—often low-paid girls and 
women—is still further strengthened, for by the 
facifttation of the transfer of the skill necessary 
for ipecialised processes to unskilled workers the 
possibility of increasingly replacing highly paid 
skilled men by lower-paid semi-skilled men is 
increased. Although, as Sir Wm. Ashley has clearly 
shown,* some of the skilled men will get even more 
skilled positions, many of them will have to accept 
the same wages as the semi-skilled men who will 
now compete with them. There seems to me no 
guaAntee that the semi-skilled workers will get 
higher wages than they get now as unskilled workers 
—the competition, both actual and potential, is too 
grjat, and their Comparative lack of organisation 
makes it difficult for them to maintain any standard 
which they may be given temporarily to encourage 
them to adopt the new methods.* Once the new 
methods are generally adopted, the need for such 
special inducement will no longer exist, and long 
and bitter experience ha| shown that in that case 
it wiU no longer be offered. 

“ If experts, appointed solely by the em¬ 
ployers, are to go round the factory, observing, 
codifying and standardising the most efficient 

• Scientific Management and the Engineering Situation, 
pp. 24-26. 

• C£. Muscio, op. cit., p. 270 and elsewhere; and cf. 
also'J. A. Hobson, Work and Wealth, p. 216. 
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method^ of carrying out different operations, 
the worker will be robbed, so he suspects, of 
his craft skill, and will come to be treated, so 
he imagines, as a piece of machinery.”* This 
would ..." encourage the workers’ onlytoo 
natural belief that the management seeks for 
its own benefit to deprive him of the craft 
knowledge, that sole possession which he and 
his forbears have acquired for generations 
past.”* 

Before the workers, whose consent is essen- 

« 

tial to the success of motion study, will agree 
to it being generally practised it seems that 
several changes will^ be necessary in our 
economic organisation. 

First of all there will have to be a great 
movement towards amalgamation between 
the different craft unions so as to form 
Industrial Unions, an^ ultimately the One 
Big Union advocated by G. D. H, Cole* and 
others for many years now. This will replace 
a monopoly based on skill by one based on 
labour power and so tend to keep the respec¬ 
tive bargaining power of "Capital” and Labour 

* Myers, N.I.I.P.J., p. 169. 

* Ibid,, p. 169, 

* Cf. weekly articles by G, D. H. Cole in the Ntw Leader, 
also numerous pamphlets and speeches. 
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in relatively equal positions. The uniftns must 
also be strengthened by including ^as far as 
possible all the workers available—this would 
tend to balance the tremendous increase in 
power which motion study unscrupulously 
used will give the employer. ‘ 

The experts who make the motion studies 
and the records of their investigations will 
have to be put under the joint control of the 
employers and the workers. In one case 
already the Works Committee appointed a 
special committee to decide under what con¬ 
ditions an investigation should be allowed.' 
It may be that»the Trade Unions will have 
to employ their own experts in these matters 
as they do in rate fixing in certain industries.' 

In the case of industries where labour is not 
sufficiently organised, Trade Boards or their 
equivalents with power to enforce contracts 
at law will have to make such provisions with 
respect to present and future rates and give 
such guarantees with respect to employment* 
or unemployment pay that no worker shall 

‘ Cf. Hoxie, Scientific Management and Labour, p. 130. 

• Rowntree's Works, York, see N.I.I.P.J., p. 51. 

• Cotton Industry. Coal Mining, etc., cf. Lectures on 
Commerce, II. 

■ * Cf. Chapter V, p. 148. 
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suffer through unemployment or lower wages 
through no fault of his own. These con¬ 
ditions ahd safeguards may seem far-reaching 
in their effects on industry, but they are in 
line with the tendencies of industrial eyolu- 
tion. The increased security of the workers 
would be amply paid for by the increase in 
the national wealth which would result from 
this one application of scientific knowledge to 
industry, and there would still be a surplus 
which could go to increase the dividends of 
shareholders and others for so long aS the 
present inequitable and unscientific system of 
distribution of wealth* is deqmed desirable or 
necessary. 

Mention has already been made of the 
necessity for the proper organisation of work¬ 
shops and factories to save loss of time due 
to faulty routing. This question is of a 
technical, administrative nature and does not 
involve especially psychological factors. There, 
are, however, a series of considerations with 
regard to the adaptation of material condi¬ 
tions to the needs of the workers which do 
involve psychological and physiological factors 
of great importance. I refer to the questions 

* Cl. Clay, Economics for the General Reader, pp, 429-446. 
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of ventilation, illumination, distractions, 
safety and “welfare." The temperature, 
humidity and rate of movement of the air 
has»very important effects upon the rate and 
qu^ity of output.* Recent researches' have 
shown that the ill effects of inadequate venti¬ 
lation do not result from chemical impurities 
in the air or lack of oxygen,' as was widely 
believed, but from the physical qualities of 
close air—the lack of adequate cooling and 
evaporative powers—and from the spread of 
infection from carriers of disease germs. The 
cooling powers of the air depend on its tem¬ 
perature, degree of saturation and rate of 
mbtion. Normally thi human body needs 
cooling to keep it at about blood heat. This 
is brought about by loss of heat by convection 
and radiation from the skin, by evaporation 
from the respiratory membrane by breathing 
and by loss of heat used to warm the breath. 
.When the cooling powers of the air are in- 
sufl 5 cient to keep down the body heat the 

• Cf. Gilbreth, Fatigue Study; Drever, op. cit., Chapter 
IX. 

• Especially those of Dr. Leonard Hill; cf. Industrial 
Administration, pp. 99-133. 

• Dr. Hill says the concentration of oxygen is never 
reduced in a crowded room to the same extent as in many 
mountain health resorts. 
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emergency method of sweating is resorted to 
—every ^rain of sweat carries away 580 
calories of heat. This process needs glan¬ 
dular secretion and a greatly increased ^low 
of blood to the skin, thus incurring a great 
increase in the expenditure of nervous energy 
and extra work by the heart, which has to 
beat more quickly to drive the blood to the 
skin. This extra expenditure of nervous 
energy gives rise to the rapid development of 
fatigue. Much of the ill-health which causes 
gigantic economic loss can be traced to 
infection facilitated by over-fatigue due to 
the wrong atmospheric environment of 
workshops, factories and offices. The Kata- 
Thermometer— an instrument specially de¬ 
signed to mgasure the cooling powers of the 
air—^shows that the cooling power in centrally 
heated offices and factories in England is 
often less than that of the aii; out of doors 
in Sierra Leone, Madras or Ceylon—countries- 
notorious for humid heat. The cooling power 
of the air increases with the rate ,at which it 
is moving ; it is therefore advisable to ensure 
a good supply of cool, dry air constantly in 
motion. Cool surroundings are of the utmost 
importance to stimulate men to work. The 
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New York Commission on VentilatiSn * found 
that 63 per cent more typing was 4pne by the 
same workers under otherwise identical con¬ 
ditions at a temperature of 68° F. than at 
75°*F. In the case of heavy, physical work 
15 per cent more was done at 68° F. than at 
75° F., and 37 per cent more than at 86° F. 
The average record of the temperature of 
the workrooms examined in New York was 
73° F., while 29 per cent were over 80° F. 
The loss of efficiency must therefore have 
been enormous. 

Dr. Myers* gives the following figures, 
showing that as temperature and humidity 
increase, efficiency decreases. If at 69° F. 
52 per cent humidity, efficiency is taken as 
100, then at 75° F., 70 per cent humidity, it 
will be 85, and at 91° F. and 90 per cent 
humidity only 76. ^ 

Dr. Vernon calculated that in the Tin Plate 
industry 12 per cent more output could be 
obtained by efficient ventilation.’ 

In the Tin Box industry’ deleterious dis- 

‘ Dr. Hill, Business Administration, p. 112; alao cl. 
Drever, op. cit.. Chapter IX. * Mind and Work, p. 68. 

• Quoted Myers, op. dt., p. 68. 

* Cf. " An Investigation into the Tin-Box Induatsy,” 
N.I.I.P.J., p. It. 
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comfort 'was caused in the soldering depart¬ 
ment by the heat, due to each worker having 
a Bunsen burner for heating his iron. By 
introducing screens to shield the burners end 
better ventilation the temperature of „the 
workers’ faces was reduced 5° F., with the 
result that they could work with far less 
effort. As a result of his investigations, Dr. 
Hill is of opinion that" it will pay a thousand¬ 
fold to employ a specially trained assistant to 
regulate the temperature and ventilation of 
factories.” ” Every effort should be ma'de,” 
he suggests, “ to secure the highest level of 
cooling power which the workers can be 
brought to stand.”* 

In regulating the illumination of work¬ 
rooms both the intensity and, the distribution 
of light must be considered. Myers* says 
that in a certain factory, although no other 
change was made, when the lighting was in¬ 
creased from 4000 to 12,000 foot-candles the 
output increased by the end of a month from 
8 to 27 per cent. 

Badly distributed light, which gives rise to 
glare directly or through reflection in highly 

> Industrial AdmiHisiraiion, p. 132. 

• Op. cit., p. 67. 
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polished surfaces, causes serious overstrain.* 
A bright object, such as an electric light or 
its reflection, near the margin of vision, tends 
to draw the attention and the eye towards it. 
This instinctive tendency to bring the object 
into the direct line of vision is only prevented 
by the constant effort of the antagonistic 
muscles. 

The strain which follows the effort to 
keep the eyes on the work in front results 
in the earlier onset of fatigue. There is also 
an instinctive tendency to focus the eye on 
the bright object in the marginal field, and 
additional eyes 4 rain is caused by the effort 
needed to keep the righi focus. As the margin 
of the retina is more sensitive to light than 
the centre, a bright light in the marginal field, 
when the centre is adjusted for less light, pro¬ 
duces an uncomfortable glare. For these 
reasons the uniformity of illumination will be 
seen to be as important as its intensity. 
Diffused lighting has been found to improve 
visual acuity and to prevent the distraction, 
discomfort and at times permanent injury 
which result from glare. It has been found 
advisable to paint highly polished surfaces 

1 Drever, op. cit., Chapter IX. 
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with a dull black paint such as is used on 
the inside of cameras.* 

In a recent investigation in a coal mine 
scientific work on the question of illumination 
carried out in the laboratory was combined 
with that carried out in the mine. By in¬ 
creasing the power of the lamp used and by 
placing it so that the light was diffused (this 
was found to prevent “ after images ”) an 
increase in output of 14-5 per cent was 
obtained and the amount of dirt sent up with 
the coal decreased 22 per cent.* 

The psychological effect of noise and vibra¬ 
tion has been found to be a lowering of the 
efficiency of the workei*.* This has been most 
noticeable when there has been a conscious 
battle against the distractions,.but even when 
there is adaptation to the distraction the best 
work can usually be performed under the 
most restful conditions. A 25 ,per cent in¬ 
crease in output resulted from the removal of 


‘ Cf. Gilbreth, Fatigue Study, p. 79. 

• “ An Investigation in a Coal Mine," Fart II, N.I.J.P.J., 
pp. 173-181. Important discoveries were also made on the 
effect of " after images " and deficient lighting as a cause 
of miner's nystagmus. 

• Cf. Myers, op. cit., p. 67; and Drever, op. cit., 
Chapter IX. 
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certain workers to a quieter part of the works. 
Miinsterburg points out that " strong rh5rth- 
Bttical sounds, such as heavy hamifier blows 
which dominate the continuous noises,” cause 
moi^ serious distraction than continuous 
noises. Where the rhythm is different from 
that of the work being performed a struggle 
ensues which causes the expenditure of 
nervous energy in excess of that required 
by the work itself. 

Similar results arc brought about by fear 
of Occidents, a very powerful distraction 
which tends to produce overstrain.’ This 
fear may often Jbe unconscious owing to the 
af)parent accommodatibn of the mind to the 
danger, but even so its effect is to decrease 
both the quantity and the quality of the out¬ 
put. Dangers should be effectively guarded 
so as to be safe even for tired or unexperienced 
workers. Such measilres will be found to be 
economically profitable, even if common 
humanity is not a sufficient motive for in- 
troducing^them. The same thing is true of 
what is Imown as “ welfare work ”—if it be 
introduced in the right spirit. “ Output in 
regard to quality, amount and speed is largely 

* Drever, op. cit., Chapter IX, 
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dependent upon the food of the workers/’* 
and the provision of suitable canteens, restau¬ 
rants, rest rooms, lavatory accommodation-,’ 
etc., has been shown to be profitable, as the 
expense is made good by the better time¬ 
keeping. and higher average output made 
possible by good health and freedom from 
fatigue, and by the reduction of labour turn¬ 
over because no one wants to leave.* 

By due attention to the method in which 
an operation is performed, and to the material 
conditions under which it is performed,‘the 
material wealth of the country can be in¬ 
creased without addition to the “ human 
costs ” of production, a' consummation greatly 
to be desired. 

* Industrial Efficiency and Fatigue, p. 104. 

* Cf. Sidney Webb, The IVocAi Manager of To-day, 
pp. 138-152 ; cf. also Rowntree, Industrial Administration, 
pp. 18, 19 and 20. 



CHAPTER V 

VARIOUS PSYCHOLOGICAL FACTORS AFFECTING 
INDUSTRY 

T he main questions with which the 
Industrial Psychologist has to deal 
may be divided into two broad 
classes—those such as Vocational Selection, 
Fatigue and Motion Study, which are open 
to experimental investigation; and those 
which approach rather the sphere of Social 
Psychology—questions of instincts and mo¬ 
tives in industry, the psychological reactions 
to different incentives to work, the effect on 
industry of fear, suspicion, “ the conscious¬ 
ness of kind,” the creative instinct, the com¬ 
plex forces which affect industry most notice¬ 
ably through their cumulative effects, as 
expressed* in a greater or less degree of 
" Industrial Unrest.” 

Owing to the immense difficulties in the 
way of experimentation our knowledge of 
this second group is at present inadequate 
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and in some respects almost insignificant,* 
but the problems presented are of no less 
importance from the viewpoint of the attauv 
ment of maximum production than the more 
simple problems with whieh we have alregdy 
dealt. Foremost among these problems in 
practical significance is the question of re¬ 
actions to different incentives to action on 
the part of individuals of different age, sex 
and character. With this question, therefore, 
we shall deal first. 

The Hoalth of Munition Workers Com¬ 
mittee * reported that " of all the varied in¬ 
fluences affecting the health afid efficiency of 
munition workers, the Committee have found 
that of incentives to work the most intricate 
and difficult to investigate. Nevertheless, the 
subject is of such immediate importance as to 
demand consideration." It would seem that 
there is a natural inclinkion in inan to work 
rather than to be completely idle, but the 
direction of his activities and the interest, 
energy and application with which Jie works 
are determined by the different forms and 
amounts of incentive which are offered by 

* Cf. Drever, op. cit., p. JT; 

> Cl. Industrial Efficiency and Fatigue, p. 69, 
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different kinds of activity. The most im¬ 
portant incentive is the necessity to earn a 
livelihood, and in the modem industrial 
system this is bound up in the vast majority 
of c^es with the question of wages—so much 
so that the American Efficiency Engineers 
were wont to consider them as the main 
incentive to production, and devised elaborate 
schemes of payment which on this assumption 
would induce the worker to give his best.* 
The result of their systems was, as a rule, the 
hamTful “ speeding up ” of the workers. 
Muscio* has defined " speeding up ” as “ the 
attempt, by offiring incentives of one kind 
or another to the will,* to induce operatives 
to expend more than the greatest reasonable 
amount of energy in a given time." This has 
invariably led to complaints from the workers 
of the undue strain that is put on them.* It 
is necessary, therefore,* briefly to consider the 
different wage systems most commonly in force 
from the point of view of the different psycho¬ 
logical e%cts which they have on the workers. 

• Ci. Dr. Myers, " The Efficiency Engineer and the 
Industrial Psychologist.” N.I.I.P.J., p. 171. 

• Op. cit., p. 35. 

• Cf. Eric Farmer, " The Economy of Human Efiort 
in Industry," N.I.I.P.J., p. 18. 
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It seeins possible broadly to distinguish 

between two methods of remuneration—^the 
< 

first payment for the time during which the 
operatives are at work—time wages paid® by 
the hour, the day or the week; the seoond 
payment for the amount of work which is 
done—piece rates paid by the ton, the piece 
or other unit of measurement. The dis¬ 
tinction is by no means absolute, as each time 
wage is fixed with reference to a certain 
standard of output, while piece rates are set 
with reference to the amount the worker will 
be able to earn in a given time.' The difficulty 
of comparing these different systems is added 
to by the facts that " atmosphere seems 
of far greater importance than the system of 
payment in yogue,”* that the amount of 
payment is by no means the sole incentive 
to produce, and that the strength of the in¬ 
centive does not vary directly with the 
amount of payment. 

The advantages of payment for the time 
during which the operative is at worfc are that 
it is easy to apply, covers time lost through 
no fault of the worker—a frequent source of 

* Cf. Schloss, Methods of Remuneration. 

• Myers, M%nd and IVorh, p. 152. 
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injustice in other systems—lends itself to the 
fixing of standard wages by collective bar- 
f;^ining and tends to produce good quality 
in *he output and good time-keeping. Its 
greatest advantage is that it removes from 
the worker an element of uncertainty as to 
the amount of Ms earnings—“ an uncertainty 
wMch, especially in the case of juvenile and 
female labour, may create a nervous anxiety 
detrimental to sustained effort.”* The most 
responsible workers—managers, accountants 
and'leading officials in general—are usually 
paid a time wage, as are also workers in trades 
where output i^difficult to measure or where 
qhality is of greater importance than quantity 
in the work done—University professors, 
teachers and certain craftsmen. The cliief 
drawbacks to the system are that it gives no 
direct incentives in itself to special behaviour, 
that where the “ atmosphere ” is not good it 
involves close supervision, which tends to 
create distrust between the management and 
the workers, and that unless other interests 

• Industrial Efficiency and Fatigue, p. 70. 

N.B.—I am indebted for material for this discussion to 
Dr. Myers, especially Chapter V, Mend and Work; Sir Wm. 
Ashley, Lectures on Commerce, II; Dr. Drever, op. cit.; 
and J. A. Hobson, Work and Wealth. 
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are fostered it tends to mediocre standards of 
output. However, “ the good results attained 
by pa3Tnent by time indicate that, given suif- 
able environment, the inclination to wofk is 
a deep-seated, natural phenomenon, andtit is 
questionable whether in the end the best 
results may not be obtainable by following 
the principle of a ‘ good day’s work for a good 
day’s pay ’ with reasonable good faith on the 
part of both employers and workers.”* 
Piecework gives a more direct and, when 
well adjusted, a far more powerful stimulus to 
this natural inclination to work. Especially 
is this so in repetitive work, *vhich would be¬ 
come monotonous but for the interest de¬ 
veloped by payment by the piece. For 
example, girls on the monotonous, repetitive 
work of drilling fuses increased their output 
by 24 per cent on the day shift and 40 per 
cent on the night shift when changed from 
day wages to piecework, while girls retapping' 
fuses by hand increased their output by 28 
per cent by day and 48 per cent by pight after 
the same change.’ It gives special awards for 
different degrees of skill and application, and .. 

* Industrial Efficiency and Fatigue, p. 70. 

* Ibid., p. 71. 
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so removes the sense of injustice which may 
be caused where a man does half as much 
•■.ia}rk again as his neighbour for the same pay. 
Under right conditions it may lead to friendly 
rivalry which may have good results on the 
total output. The problem is to arrange that 
the incentive shall be strong enough to en¬ 
courage the maximum production but without 
causing over-speeding. Dr. Vernon* found 
that the danger of over-speeding was by no 
means negligible and led frequently to break- 
dowhs and ill-health. There is a danger, too, 
that piece rates will lead to neglect of quality 
and so cause wastage of material or costly and 
irKsome supervision. ’Certain psychological 
questions arise under a piece-rate system more 
acutely than under a day-wage system. 

i. The piece-rate system must be fully under¬ 
stood. Vdien the payrgent is made on a group 
output basis, or in any way which may not be 
obvious to the workers, it must be carefully 
explained. " Mistrust, discontent and misunder¬ 
standing are frequent among employees, who 
imagine thft they are being exploited, when, as not 
infrequently happens, they are unable to estimate 
for themselves their exact earnings,” • and in this 

> Industrial Efficiency and Fatigue, p. 75. 

• Captain Agnew's report, ibid., p. 71. 



way that, “ atmosphere,” which is ail-important if’ 
maximum output is desired, is destroyed. 

ii. The system must be properly adjusted. For 

example, a firm which paid a day wage to learnars 
until they reached a speed at which they could %am 
more by piecework, raised the day wage ai}d at 
the same time the limit at which the piece rate 
came into operation. As a result very few of the 
workers were able to reach this level, and even then 
got only a slight additional wage, so that the 
remainder made little effort to reach it at all, and 
the incentive did not operate.‘ Similarly, if un¬ 
skilled men are able to earn far greater wages than 
highly skjlled men, as was the case during the 
war, the skilled men are dissatisfied, and tend to 
take less interest in their work, keep bad time and 
generally lose in efficiency. * < 

iii. A piece-rate systein is sometimes used—not 
always intentionally so, but in effect—so as to 
avoid collective bargaining. Very often the piece 
rate is fixed bythe foreman, and'as even the prin¬ 
ciple of " mutuality ” does not allow of the verifi¬ 
cation of rates by Trades Union officials, this is in 
effect a reversion to individual bargaining. ’ To 
remedy this defect some such arrangement as is 
common in the cotton industry, where piece rates 
are fixed by collective bargaining, and verified by 
the Union Officials, is necessary whenm piece-rate 
system is introduced. 

• Industrial Efficiency and Fatigue, p. 75. 

• Cf. ibid., p. 74. 

• Cf. Webb, Tie IVcris Manager 0/ To-day, pp. J5-98, 
see p. 63. 



PSYCHOLOGICAL FACTORS 145 

iv. The gravest risk of a piece-rate syltem, and 
one which has discredited the S5rstem so^much that 
* certain Unions refuse to entertain the suggestion 
of ^opting piece rates, is that the rates will be 
CTit whenever a worker gets more than what the 
employer thinks to be a ” reasonable ” wage. One 
foreman is reported to have said in 1915, " What 
can one do when a girl is earning as much as fifteen 
shillings a week, but lower the piece rate ? ” ‘ 
Even when the piece rates arc not openly cut they 
are often lowered secretly by substituting one man 
for another at a different rate, by making slight 
alterations in processes, and lowering rates more 
than proportionately to the saving in time which 
the new method allows, and so in innumerable 
ways it has been proved to the workers that, how¬ 
ever hard they work, they.will never be allowed to 
earn more than a certain amount. The difficulty 
thus created led the American Efficiency Engineers, 
who were among the first strongly to condemn the 
practice of rate cutting, and many of the better 
employers, who realised the danger of the policy, 
to devise intricate system# of payment which would, 
they hoped, render the practice unnecessary. 
Among the workers it was one of the greatest causes 
of “ Restriction of Output.” 

The need for some system which avoided 
the necessity of rate-cutting and yet pre¬ 
vented the earning of " unreasonably " high 
wages seemed, from the employer's point of 

‘ The Works Manager of To-day^ pp. 69, 70. 


10 
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view, veiy strong. It was found that some 
men are ynable to make satisfactory use of 
higli wages as they have not developed thec’ 
saving instinct, and so when once tlieir u 5 ual 
level of comfort is reached they spend «any 
extra extravagantly and work shorter hours 
in order to have time in which to enjoy it,' 
Their efficiency was lessened and their time¬ 
keeping became bad—as Taylor said, " It 
doesn’t do for most men to get rich too 
quickly.”' Taylor went so far as to say that 
there was an amount of increase which in 
different classes of industry was exactly suffi¬ 
cient to induce maximum effert in men whose 
strength, valuation of money, etc., were widely 
different, just as it is possible scientifically to 
determine the exact amount of spirit needed 
to make an internal combustion engine of a 
certain power, size and stroke of cylinder, and 
so on, perform a given number of revolutions 
in a given time. Although British employers ■ 
have never consciously adopted this attitude 
they have used this difficulty, ducelargely to 
lack of education of the workeis, to rationalise 
their action in taking to themselves as extra 

' Industrial Efficiency and Fatigue, p. 74. 

• Cf. Taylor, Shop Afanagement, p. 27. 
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profits what under a straight piece-rate 
system would have given the worker higher 
\yages. For this there can be no excuse, for 
the demand of the workers for a greater share 
in tlie product of their labour does not neces¬ 
sarily mean higher wages, but may be granted 
in extended schemes for insurance against 
unemployment and ill-health, in making pro¬ 
vision for workers’ {)ensions, in health, 
recreation and education-giving schemes under 
the control of a workers’ committee,' and in 
othSr ways which add to the well-being of 
the workers, and are given not as a charity 
but as the rightful share of the workers in the 
iruits of their industry*—a part of their wages. 
Moreover, the derogatory meaning now attach¬ 
ing to the words “war profiteer’’ and “nouveau 
riche ’’ suggests that the money was no better 
spent by shareholders and employers than it 
was by the least educated of the workers. 

The schemes evolved to avoid rate-cutting, 
the Halsey, Rowan and other bonus schemes, 
for exanjple, have been justly described by 
Mr. Webb as " Ingenious arithmetical scales 
for depriving the operative of part of the in¬ 
creased earnings that would be equivalent to 

' Cf. the Works Councils at BoumvUle and elsewhere. 
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the increase in his output ...” and which 
try " so to arrange the premium that under 
no conditions can the workman so far reduce 
his time as to tempt the employer to cut the 
rates.” Even in this, however, they have 
been found to fail, for the psychological effect 
of these schemes, of which the essential 
element is a device by which the rate per 
piece is automatically cut as the time taken 
per piece is reduced, on the rate-setters has 
been found to be a tendency to carelessness 
in the fixing of the standard time which’has 
led to difficulties so great as to cause many 
firms to abandon the premiumrbonus schemes 
and resort once more tb a straight piece rate. 
Although there is no inherent justice in the 
piece-wage system,* it is less unjust than 
these bonus schemes with which it was sought 
to replace it, and in those industries where it 
can be introduced without affecting the col¬ 
lective agreement to the wages contract, and 
is administered with due regard to the 
psychological and physiological factors 
involved, it has proved itself the most 
practicable way of getting men to work as 
hard as they reasonably can. 

’ Cf. J. A. Hobson, Work and U'eaitk, p. 193. 
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The question of the " Restrictioft of Out¬ 
put " must be considered more closely, and 
since it is more consciously practised in highly 
organised industries by employers than by 
tha workers it must be considered from the 
wider viewpoint as well as in its bearings on 
the question of wages. Among employers* 
output is restricted both consciously and un¬ 
consciously from a variety of reasons. 

A. Conscious restriction is due chiefly to : 

i. In case of a dearth of new materials, output 
is restricted lest materials should be cornered and 
excessive prices <i|emandcd.‘ 

» ii. Fear of flooding Hie markets—overproduc¬ 
tion in a very restricted sense, such as resulted 
from too keen competition, and led to the formation 
of cartels, trusts and monopolistic combinations 
with their fixed quotas, fines for overproduction 
and bonus on underproduction relative tothe quota 
assigned. 

iii. When one department has produced more of 
its products than other departments can use, the 
output in that department is restricted. So also 
in the cas# of large vertical combinations which do 
not sell largely to outsiders, if one trade over¬ 
produces relatively to the others restrictions may 
be made. 


• Myers, op, cit.. Chapter IV. 
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B. Unconscious restriction of output by 
employers,’ 

i. Inefficient management prevents the maximum 

output being obtained from a plant and the worKbrs 
engaged in it. • 

ii. So do overlong hours of work, lack of rest 
pauses, the selection of workers, foremen, and 
officials who are not as well suited for their positions 
as others would be—neglect, in short, of the teach¬ 
ings of Industrial Psychology. 

C. Conscious restriction of output by the 
workers: 

i. In the case of a dearth of employment in a 
particular industry, an attempt is often made to 
make the work spread over so as to avoid unemploj'- 
ment, and the consequent weakening of bargaining 
power in making wage contracts. 

ii. The workers have learned the evils of glutted 
markets even more bitterly than the employers, 
and although they realise the fallacy of the “ lump 
of labour ” theory, yet 'they know from long 
experience that, at any given moment, the demand 
for goods of one particular type is limited so that 
rapidly enlarged production tends to create tem¬ 
porary unemployment in that industry.* In the 
long run they know that increased output per 
man, will, unless the trade is controlled by a trust 
which is restricting output and so keeping up price, 

* Cf. Myers, op. cit., pp. 130,131 ; cf. also J. A. Hobson, 
Tht Economics of Unemployment. 
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cheapen the goods, enlarge the marke^ for them 
and so increase finally the total amount of employ¬ 
ment in the industry. But in the* meanwhile, 
maybe for a period of years, some of the workers 
wil be unemployed—suffciing hunger and degra¬ 
dation, themselves and their families. Security is 
of more importance to the mass of the workers than 
a temporary ri.se in their wages—“ restriction of 
output is based on the psychological need for 
security.” ‘ 

iii. Fear that piece rates will be cut if wages 
which the employer considers too large arc earned 
is the greatest cause of conscious re.striction of 
output. Taylor expressed this clearly when he 
said, ” After a workman has had the price jjer piece 
of the work he is doing lowered two or three times 
as a result of his having worked harder and increased 
nis output, he is likely to lose sight entirely of his 
employer’s side of the case, and to become imbued 
with a grim determination to have no more cuts if 
‘ soldiering ’ can prevent it.”* "There is abso¬ 
lutely no economic or ethical justification and no 
commercial compulsion for a cutting of piece-work 
rates,” ’ for it is not the rate of wages of the workers 
which matters, but the labour cost per unit of 
output. The higher the wages earned—that is, the 
greater the output per machine or work bench— 
the greater will be the employer's profits, prices 
remairdng the same, owing to the reduction in 

> J. A. Hobson, Work and Wealth, p. 198. 

• Taylor, Shop Management, pp. 34, 35. 

• Sidney Webb, op. cit., p. 73. 
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overhead charges per unit of output, and yet 
experience' shows that the piece rates are practically 
always cut pither openly or by more or less secret 
methods. Mr. Webb has clearly demonstrated the 
futility of such a policy which invariably leads-to 
the practice of restriction of output.' ^ 

iv. Restriction of output has also been found to 
occur when the system of payment is not properly 
understood, or is imperfectly adjusted so that there 
is a sense of discontent or injustice or the incentive 
is insufficient to encourage greater effort.* 

D. Unconscious restriction by workers : 

i. As was demonstrated in the discussion on the 
effect of overlong hours on output, much of the 
restriction of output by the worjj:ers is the result 
of the physiological proceps of “ balancing ”—the 
process of adaptation by which the human organism 
defends itself from the effects of over-fatigue by an 
unconscious proportioning of the cate of expenditure 
of energy to the length of the working day. 

ii. A certain amount of restriction of output is 
due to general slackness, Ito old customs, to in¬ 
efficient habits of work, to routine "processes which 
must be adjusted to one another and would be 
disturbed by an increase in output from one depart¬ 
ment, and to some extent even to " an irresistible 
desire of the workers always to work according to 
a fixed standard,” so that, when they find that 

^ The Works Manager of To-day, pp. ^ 6 So. 

* Ci. pp. 143 and 144. above. 
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■ they can easily exceed one standard, th^ proceed 
to set up another at a higher level.* 

^ iii. The effects of fear, suspicion, distrtist, general 
industrial unrest, is so to change the mental attitude 
of tSie workers that unconsciously they lose interest 
in t||eir work and their output falls below its one 
time level. This is often the result of a reduction 
of wages—the workers may be discouraged and 
annoyed, and also deteriorated in strength and 
endurance, so that their output falls off more than 
proportionately to the cut in wages.* That is also 
why a system which depends ultimately on sheer 
force—lock-outs and strikes—for the determination 
of wages can never hope to achieve maximum 
production. The psychological effects of a “ suc¬ 
cessful ” lock-out are such as to make it at best a 
pyrrhic victory, indeed, taking a general survey 
of the causes of restrictioff of output, we are bound 
to conclude " that it is not mere laziness or malice 
on the part of the workmen ; that it is the inevitable 
result, human nature being what it is, of the general 
industrial situation.” * 

• 

There are other incentives* to work besides 

■ those offered by different wage systems, but 
of these, although their importance may out- 

* Cf. Dr. t^emon's article, pp. 182-188. 

^ • Cf. Sidney Webb, op. cit.. Chapter V, especially p. 53. 

• Sir Wm. Ashley, op. cit., p. 9. 

' * Cf. Industrial Efficiency and Fatigue, pp. ; 

Myers, op. cit.. Chapter V; Drever, op. cit., pp. 47-61; 
Webb, The Works Manager of To-day. 
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weigh that of any particular method of re¬ 
muneration, very little accurate knowledge 
has been obtained. Pride in craftsmanshipj- 
the incentive which has produced many# of 
the masterpieces of the arts and innumerg.ble 
elaborate fretwork ornaments—is of import¬ 
ance, especially in those branches of industry 
where quality is more to be desired than 
quantity. Personal rivalry—the spirit which 
induces the men to give their last ounce of 
energy to win at football and in other sports— 
can be of great use in getting men to Work 
with interest and enthusiasm so long as the 
athletic spirit is not allowed to induce the 
men to overstrain andf' so impair their futufe 
powers of production. In a similar manner 
the hope of promotion may be used to en¬ 
courage interest and enthusiasm in the 
workers, and it is all-important in this re¬ 
spect that promotion sfiould be by merit and 
not, as is often the case, influenced by 
favouritism, relationships and other forms of 
jobbery. 

An interesting experiment was made in a 
munition factory in the use of " rest ” as an 
incentive. A time was fixed for each job 
which would allow the work to be done at a 
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reasonable rate. The workers found* that by 
working more rapidly than usual t^ey could 
'do a job for which thirty-five minutes was 
allowed in twenty-five minutes, and so earn 
a re«t of ten minutes during which they might 
smoke and talk, “ It was interesting,” says 
the report, “ to watch those operatives swing 
into their labour in order to obtain their rest 
pause.”* This idea might be introduced into 
premium-bonus schemes to prevent over¬ 
speeding. 

Anything which adds to the interest of the 
workers in their work acts as an incentive 
to greater prodwction. Participation in the 
management of the works, apart from other 
advantages, has the effect of giving greater 
interest to a large section of the workers and 
stimulates them to greater effort. This effect 
is not, however, universally found. In this 
connection, too, the effect of better social 
' conditions—shorter hours, better housing, 
facilities for recreation and for education— 
has been»shown to be very important. The 
output per head in a works where high wages 
. were paid but no attention was given to soeial 
conditions was found to be less satisfactory 

* Industrial Efficiency and Fatigue, p. 76. 
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than that in a works where wages were con¬ 
siderably Jower but careful attention was paid 
to the health and general social conditions pf 
the workers. " The wages question is ifiti- 
mately bound up with social, economic and 
hygienic considerations.”' 

An incentive which is far too often employed 
and of which the results are rarely satis¬ 
factory is that of fear. Fear of " the sack ” 
is used by the foreman or even by managers 
and employers to try to get greater output 
and the acceptance of worse conditions'and 
lower pay. Taylor introduced fear as a per¬ 
manent feature in his notorious “ differential 
piece-rate system,” which gave high pay for 
success at the task set, and added to the force 
of the inducement by fear of loss in case of 
failure by paying a much lower rate in this 
eventuality. Further, he maintained” that 
“ Workmen quite often have., to have the 
object-lesson of seeing men ‘ laid off ’ for 
faihng to earn high wages and others substi¬ 
tuted in their places.” The effect of fear, 
however, is often injurious from the viewpoint 
of maximum output, as there are two opposing 

* Cf. Industrial Efficiency and Fatigue, p. 74. 

* Cf. Shop Management, p. 83. 
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tendencies bound up with the emotion of fear 
—the tendency to greater activity ^ue prob- 
' ably to the instinct of flight and the tendency 
to «. greater or less degree of paralysis of 
mo^{pment due to the impulse to concealment.‘ 
In many people—especially when the fear is 
prolonged and intense, as in the case of the 
dread of unemployment in a man with a 
family to which he is devoted—the second 
tendency is greater than the first, and though 
for a time they may be stimulated to greater 
activity it is only with a disproportionate 
expenditure of energy and consequently with 
rapid productiog of fatigue and impairment 
of future powers of production. 

It will be well at this point briefly to sum¬ 
marise the important psychological factors 
involved in a consideration of incentives to 
work, with special reference to wage systems: 

• i. A healthy environment is the first essential 
to success—to get a healthy populace to whom a 
wage system may appeal as an incentive to work. 
High wagel, without provision for a sound social 
life, is not so effective as less wages paid to workers 
. whose social environment is better. In all cases 


* Cf. McDougall, Social Psychology, pp. 50-53. 
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“ atmosphere ” seems to be of greater importance 
than the system of wage payment. 

ii. Othef things being equal, an immediate reward, 
has greater incentive value than a more distant 
one, and a personal incentive is more powerful 
than a group incentive. Profit-sharing schemes 
have for these reasons often proved less induce¬ 
ment to increase output than a direct, personal 
incentive in the form, say, of a straight piece rate. 

iii. Similarly the intensity of action is in propor¬ 
tion to the strength of the incentive up to the 
limit when the motive becomes so overpoweringly 
strong as to impair the power to work or even 
make action impossible, as in the case of violent 
emotion. 

iv. Under favourable conditions, e.g. stan¬ 
dardised, repetitive work a stoight piece wage 
fixed as far as possible'^ on a basis of collective 
bargaining is a more powerful incentive than a 
time wage. 

V. It must be remembered, however, that security 
is ot more importance to the majority of the workers, 
when once they have .acquired the minimum 
necessary to satisfy physical needs, than an increase 
(which may only be temporary) in their wages.- 
Therefore, “ However perfectly scientific a wage 
system may be, organised labour is compelled by its 
most essential principle to resist any Wge system 
which, in its eyes, endangers the solidarity of its 
combination.” * This Trade Union solidarity, which 
Taylor completely failed to understand, is bound 
‘ Sir Wm. Ashley, op. cit., p. t6. 
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up psychologically with the gregarious* instinct/ 
which is usually most highly develo^d among 
animals liable to the attacks of beasts of prey. 

Any wage system should be clearly under¬ 
stood by all the workers; adjusted so as to avoid 
injustices such as loss by the worker owing to faults 
in machinery, material, etc., not within his control, 
or higher pay for less skill and expenditure of 
effort; so arranged as to give sufficient incentive 
to increased production; and based as far as 
possible on joint agreement between organised 
workers and organised employers, enforced by 
inspection by experts employed by each side. 

vii? Further, to obtain maximum production it is 
necessary to guarantee {a) that rates, once fixed, 
shall not be lowered unless the conditions are 
£\^lmittedly so chSnged that the work can be done 
easier and quicker; {b) that no worker shall suffer 
through unemployment caused through no fault 
of his own ; (c) that piece rates should be fixed as 
the result of Time Study, instead of by tradition 
and guesswork, which shall be made by experts 
maintained by each side on the principle that 
" No one can be trusted to be judge in his own 
cause." 

Before our ideal of the greatest possible 
piwduction with the least possible expendi¬ 
ture of human energy can be approached 

* Cf. Sir Wm. Ashley, The Adjustment of Wages, p. 12 ; 
■ci. also McDougall, op. cit., p. 84. 
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certain problems will have to be dealt with 
which arejSo deeply rooted in our economic 
organisation as to be inaccessible to changes 
in wage systems which do not fundamentally 
alter that organisation. These are 4he 
problems which can be brought together 
under the heading " Industrial Unrest.” Just 
as physical overstrain reacts on the mind, 
lessens control of the higher intellectual pro¬ 
cesses and allows all the suppressed impulses, 
cravings, fears and worries of the past to surge 
into consciousness and prevent that concen¬ 
tration of the attention necessary to efficient 
work, so also mental states react on the 
physical, lowering vitality, allowing the earlier 
approach of fatigue, lessening efficiency in 
many ways. ■ There is much in the conditions 
of modem industrial employment which is 
calculated to produce spi atmosphere of un¬ 
rest, to produce emotions the reactions of 
which will lessen physical efficiency and check 
the rate of output. The deleterious effects 
of fear have already been mentioned. The 
workers of to-day see much to be feare^'in 
the application of science to industry, especi¬ 
ally as practised by the American pioneers— 
the fear of unemployment, temporary no' 
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doubt, but terrible in its effects on the 
physique, morale and character of the worker 
and on the home laboriously built up'; the 
feSr of overdriving or “ speeding up,” with 
coiKequent ill-health and unhappiness ; the 
fear that the opportunities for promotion will 
be fewer under the new system^; the fear 
that their Trade Union solidarity will be 
broken^; and justifiable fear that greater 
opportunities will be given to unscrupulous 
employers to use the name of science to 
advance their own ends and gain huge profits 
compared with an insignificant rise in wages.* 
Unless such safeguards are given to the 
workers that they will be sure that they will 
lose neither in payment per unit of effort nor 
in security, for the present nor in the future, 
and that they will share in the greater wealth 
produced, the result qf their fear will be either 
that they will refuse to consent to the new 
• methods being introduced, or being forced to 
accept them will do so unwillingly and be 
filled with suspicion which will make full 
^^Ci. Rowntree, Industrial Administration, p. 15. 

• Justified by Hoxie’s report, cf. Scientific Management 
„ and Labour. 

• Cf. ibid., pp. 123-135, an avowed object of Taylor. 

• Cf. the examples of Taylor, e.g. shovelling 70 per 
'cent increase of wages, 75,000 dollars increase in profits. 
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success ilnpossible. The effect of suspicion is 
a tendency to destroy social intercourse, and 
the more widespread it becomes the more.it 
paralyses the life of the community whicH is 
based on a considerable degree of confidence 
between its members. Alexander F. Shand, 
in an article in the Psychological Journal,'- 
shows that suspicion depends usually upon 
the suspect being in a position to do harm 
to the subject and tends to be emotionally 
strong, other things being equal, in propor¬ 
tion as the evil anticipated concerns the 
subject himself or those whom he loves. The 
tendency of “ Scientific Management ” when 
introduced, as in U.S.A., without safeguards 
for the workers was shown to be towards 
industrial autocracy, “ which increases the 
power of the employer to harm the worker 
and those he loves, apd so inevitably gives 
rise to strong suspicions which destroy the 
confidence and co-operation needed to obtain' 
the maximum output. 

Envy and resentment are feelings which are 
quite incompatible with that smooth running 
of the industrial machine necessary for a high 

‘ Volume XIII, p. 195. 

*Cf. Hoxie, Scientific Management and Labour, pp.123-135. 
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standard of output, but these ar» feelings 
which are daily being aroused jinder the 
present autocratic system of industrial organi¬ 
sation. Envy is aroused by the ostentatious 
display of wealth and power, the luxury, the 
comforts, the magnificent educational oppor¬ 
tunities and the fine, large houses of those 
who take the cream off the produce of in¬ 
dustry while Dr. Leonard Hill reports of the 
workers“ Millions live in tenements in 
which no breeder would think of raising his 
stocK ; in such places are bred and made 
degenerate the children of this great British 
Empire.” Resentment is aroused by the 
capricious tyranny to •which the workers are 
still often subjected,^ and even more so by 
the huge earnings of absentee directors and 
shareholders.* These feelings are further aggra¬ 
vated in many cases by the knowledge of the 
workers of the inefficiency of management and 
of the incompetence of employers and managers 
who obtain their positions through influence, 
inheritan<ie or jobbery rather than ability. 
*^one of these evils, which do incalculable 

* Industrial Administration, p. io8. 

• Cf. Sidney Webb, The Works Manager of To-day, 

.p. *7. ’ Dr, Myers, op. cit., p, 178. 
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harm e^fen from the viewpoint of maximum 
efficiency tfilone, is inherent in the application 
of psychological science to industry—they are 
merely consequences of the present systenS of 
economic organisation which stand effectively 
in the way of the Industrial Psychologist. If 
he is fully to succeed, the “ profiteer ” who 
takes “ out of an industrial enterprise any¬ 
thing beyond a fair remuneration for personal 
services actually rendered ”* will have to be 
expropriated and the produce of industry 
more equally distributed among the pro¬ 
ducers. Mr. Sidney Webb, in his closely 
reasoned book. The Works Manager of To-day, 
has shown that “ We shall never get the 
maximum production out of our industrial 
establishments so long as these are run, and 
are known to the operatives to be run, not 
for the benefit of the*persons who do the 
work, not even for the benefit of the com¬ 
munity as a whole, but for the benefit of a 
class of functionless landlords and share¬ 
holders to whom we have, by thee laws that 
we have made and by the social system "lliat 
we maintain, chosen to give the privilege of 
levying a tribute on our labour equal in the 

» Cf, Sidney Webb, op. cit., p. 155. 
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aggregate, in the United Kingdom,and the 
United States, to something like one-third of 
the produce ” . . . “so long as we persist in 
keeping three-fifths of the producers no better 
thajj horses (and many of them far worse than 
horses) whilst ten or twenty thousand ' cap¬ 
tains of industry ’ insist on claiming for their 
really indispensable services, out of the 
common product, each of them perhaps fifty 
or an hundred times as much as the crafts¬ 
man’s standard rate, there will be (as of 
courSe there ought to be) industrial unrest.”* 
There is need, before the Industrial Psycholo¬ 
gist will have ^ fair chance to apply his 
knowledge to the sei^^ice of industry with 
complete success, of changes in the control 
of our economic organisation which is now in 
a form analogous to rule by a landed aristoc¬ 
racy, comparable to the changes which have 
been made in the political control of this 
country.® In an industrial democracy apply¬ 
ing scientific knowledge to the production and 
distributicjn of wealth lies the hope of future 
preffperity for this country. 

‘ The Works Manager of To-Day, pp. 153-157. 

• Dr. Myers, op. cit., p. 183. 



CHAPTER VI 

CONCLUSION 

“ There is absolutely no conflict of interests as between 
employers and employed and the general body of the 
public, so far as health, hours of work, and hours of 
recreation are concerned. What is bad for one is bad 
for all.” * 

S EVERAL of the matters with which 
the Industrial Psyciiologist deals 
would indeed 'seem to leave no 
grounds for dispute, so beneficial to all classes 
are their results and so desirable the objects 
which they seek to bring about. Surely no 
one can benefit by thq deliberate choice of 
the ill-suited, may be incompetent worker, 
instead of one who by innate qualities, train- • 
ing and character is fitted for the work to be 
done. None suffer worse than the workers 
themselves from the unscientific methods of 
engaging labour to-day—^numerous lives are 

> Dr. R. M. Wilson, The Care of Human Machinery, 
p. 19, quoted N.IJ.P.J., p, 86, 
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sacrificed because of the ignorance which 
allows them to enter an occupation ^or which 
they are not fitted—and the ecdhomic loss 
al^ne is colossal.^ It is of even greater im¬ 
portance to the employer that he should have 
suSable, well-trained, efficient workers than 
that he should have up-to-date, well-con¬ 
structed, properly lubricated machinery. The 
first step towards attaining this end must be 
in the initial selection of suitable learners, 
selected by an expert psychologist as the 
result of careful tests, the use of educational 
reports, medical examination and a personal 
interview, during which careful observation 
should be made of tlujse actions, manners and 
other signs which, to the expert, indicate 
much concerning the character of the subject. 
But vocational selection is not enough. While 
it suffices to tell which of the applicants for a 
position is in all pibbability most suited for 
it, it does not suggest what shall be done with 
the other applicants, nor is it at all certain 
that the^best fitted for the position in other 
*rtfys will be content in that position. Voca¬ 
tional guidance becomes necessary so that 
children can be told what sort of work they 

* See Chapter II. p. 56. 
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are most likely to succeed in, what kind of 
work this^ is and under what conditions of 
payment, hours and atmosphere, and with 
what promise of future advancement tjjfe 
work is performed. The ideals of the youths 
should as far as possible be discovered and 
utilised in finding the work for which not only 
their physical and mental qualities but their 
desires and interests fit them. In this way 
great saving will be made by the increase in 
efficiency and the decrease in accidents, ill- 
health apd discontent among the workers. 
Even more important is it that this principle 
of selection by fitness rather than by 
influence, inheritance pr rufe of thumbi 
methods should be applied to the higher 
positions in the administration of industrial 
concerns. 

" Every advance in knowledge, every im¬ 
provement in scientific tecimique which makes 
the lot of the worker easier or'affords him a 
better return for his labour, at once puts 
money into the pockets of the master."^ 
Employers are not likely for long to neglesfc. 
such opportunities for greater wealth. Where 
fatigue study is introduced in the right spirit 

* Dr. Wilson, op. cit., p. 70, quoted N.I.I.P.J., p. 86. 
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—the trae aim being to lessen the fatigue of 
the workers and enable them to earn higher 
wages—it will meet with little ‘opposition 
fi'<jm the workers so long as their consent is 
first obtained. Even benefits when forced 
upon the workers as upon horses or cattle 
without their consent, may give rise to dis¬ 
content and do more harm than good. Once 
again, it seems incredible that anyone should 
wish operatives to work longer than that 
length of working day which science shows 
to be productive of the greatest output. 
Much saving in efficiency would result from 
the scientific determination of the best pos¬ 
sible working day for,each class of work and 
worker. If—as all indications tend to show 
it probably would—this proved to be a 
shorter period than is now worked, what 
inducement could make either workers or 
employers insist on* the longer hours being 
worked ? In this case the extra opportuni¬ 
ties for education, rest and recreation would 
without doubt have a beneficial effect upon 
tfesftociaf outlook of the workers—a tendency 
to contentment which would be reflected in 
better relationships all round, smoother work¬ 
ing and greater efficiency. Just as Vocational 
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Selection,and Guidance would tend to give 
more equality of opportunity—without which 
freedom of^enterprise means merely the right 
of the powerful to oppress the weak—so aleb 
would the increased leisure which J. A. Hob&on 
has described as “ the opportunity of oppor¬ 
tunities and has shown to be an essential 
to that education upon which the future of 
our race depends. 

Under this heading of non-controversial 
points we may include also the careful 
organisation of the factory so as to miniitiise 
the amount of human effort necessary and to 
give such atmospheric conditions, illumina¬ 
tion and freedom frommoise, and vibration,* 
as will enable the highest state of efficiency 
to be maintained. 

Due attention to these points alone will so 
better the conditions of labour (even while 
adding to the profits of‘the employers) and 
so add to the width of their outlook that 
further progress in the way of the application 
of psychological knowledge to industry may 
well be possible. Furthermore, the habif*of 
employing experts and of adopting the scien¬ 
tific rather than the traditional view of 

* Work and Wealth, p. 236. 
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industry may bring about, in tiiye, among 
employers, a change of outlook^ which will 
enable the gradual elimination of those factors 
ill the present system of industrial organisa¬ 
tion which create unrest and stand in the way 
of the attainment of maximum efficiency. 
We may hope also for the wider application 
of science to industrial life. The experience 
of the trusts has suggested that competition 
is often wasteful and unscientific, and that 
organisation to avoid competition may result 
in cheapening the cost of production of goods. 
Science may be applied in this broad sense to 
the organisation of production, so that the 
*new methods of adntinistration and organisa¬ 
tion would spread rapidly through a whole 
industry. At present the danger is that, 
although sweating, overlong hours and un¬ 
healthy conditions ^of work do not pay in the 
long run, indeed can never pay from the 
point of view of Society and the economist, 
yet they may give large immediate profits to 
an individual firm. This stands in the way 
o^the universal adoption of scientific, health¬ 
ful, efficient methods of organisation. We 
may hope, too, that the applications of 
scientific methods will not be confined to 
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questions ^of production. Even more pris¬ 
ing are the questions of distribution. “No 
one would !hink,” wrote Taylor, “ of using a 
fine trotter to draw a grocery wagon ; no 
more should we use a skilled engineer to do 
work which a trained labourer could do. It 
is just as wasteful—perhaps more so from the 
point of view of society, having regard to the 
economic evils of great inequalities of wealth® 
—to use money at a high rate of interest when 
it could be obtained at a lower rate, to give 
huge profits as incentives when far less would 
suffice to get the same quantity and quality 
of service, to allow the indivi^dual to claim 
values created by societ^^ and often to give* 
the greatest rewards for little or no personal 
service. The question of incentives should be 
studied in its broadest sense and in a truly 
scientific spirit with the object of obtaining 
for the community all those services necessary 
to the satisfaction of the wants of the com¬ 
munity as regularly and with as little expen¬ 
diture of human effort as possible. Tl^e whole 
community should get the benefits to TSe' 

* Shop Management, p. 28. 

* Cf, Clay, Economics for the General Reader, p. 429, 
et suite. 
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obtained from the applications of«cience to 
life—^not merely those who have tlje economic 
power to acquire them. It will be necessary 
tfS decide what functions and services are best 
left to men under the incentive of profit and 
with what safeguards to the workers and con¬ 
sumers, and what are best left to men paid 
salaries and influenced by such incentives as 
honour and artistic and professional pride. 
The systematising of the science of manage¬ 
ment, now largely empyrical, and the facilita¬ 
tion of the transmission of skill by scientific 
methods of training wilt make the problem of 
the control of industry more simple than it is 
at present, and the* creation of a class of 
Trades Union experts essential to the intro¬ 
duction of the new methods in this country, 
used to the practice of vocational selection, 
fatigue study and tipie and motion study, will 
facilitate the change from autocratic to 
democratic control. It is possible also that 
an accurate knowledge of the approximate 
quantities of different goods which would be 
*wanted by the community would enable the 
better co-ordination of production and con¬ 
sumption and lessen—if not eliminate—the 
evils of unemployment and badly paid short 
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time.* This would tend to add to that 
economic s^ecurity which is all-important to 
the vast masses of the people. 

Undoubtedly, by the application of scieiKe 
to life, man would be able, within a compara¬ 
tively short period, to transform the physical 
conditions of his existence. What the future 
will bring forth for mankind is a fascinating 
speculation upon which many great thinkers 
from Plato to H. G. Wells have delighted to 
exercise their faculties; but it scarcely comes 
within our present scope. Nevertheless, stece 
we began with a quotation from one Utopia 
we may j^erhaps end with a sobering reflection 
from yet another. M.'Anatole France in 4 
delightful chapter of his Sur la Pierre Blanche 
shows us one,Hippolyte Dufrgsne transported, 
in a dream, into the year 2270 and under the 
collectivist regime of a great FM6ration 
Europ^ene. He there learns that, thanks to 
Y-rays and Z-rays and the scientific methods 
in vogue, the struggle for existence is an 
almost forgotten metaphor ; a six-hqur work¬ 
ing day has glutted Europe with riches, wai 
is inconceivable, the arts and sciences flourish, 
and life has become full, rich and gracious. 

• Cf. J. A. Hobson, The Economics of Unemployment. 
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Finally, H57ppolyte asks, "Are you Jiappy ? " 
His informant, shaking his head, implies : 

Y‘ II n’est pas dans la nature humaine de gouter 
un bonheur parfait. On n'est pas heureux sans 
effort, et tout effort comporte la fatigue et la 
souffrance. Nous avons rendu la vie supportable 
^ tons. C’est quelque chose.’’ 



A SHORT BIBLIOGRAPHY ^ 


T he following list does not profess to 
be exhaustive, but is intended rather 
to indicate those books from which 
the greatest help was obtained by the writer. 
The classification may need a few words of 
explanation. As was observed in the open¬ 
ing chapter, some reference to the pioneer 
work of the “ Scientific Management ” school 
of the U.S.A. is essential to the proper under¬ 
standing of the present economic position of 
Industrial Psychology in this country. The 
books given under this heading are but a small 
selection from the flooji of literature with 
which the American markets,were inundated. 
They are, however, sufficient to give what 
Taylor was pleased to call the “ philosophy ” 
of the movement and the criticisms’ made on 
the spot by capable observers. 

Under the heading of “ Industrial Psy¬ 
chology ” are presented the most important 
of the works published in England which deal 
176 
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with the problem of the application»of science 
to industry, predominantly from,the stand¬ 
point of the psychologist and which suggest 
iribdifications of the American practice neces¬ 
sary in the light of his special knowledge and 
of the enormously different conditions of 
industrial organisation in this country. These 
works include the reports made by different 
committees and experts on problems of in¬ 
dustrial psychology which became acute 
during the war and which are specially valu¬ 
able not only for the mass of reliable statistics 
on which they are based, but also because of 
the great oppontimities for scientific investiga- 
fiion due to the suspension of all the Trade 
Union protective practices and the intense 
interest of all concerned in increased produc¬ 
tion under the stimulus of patriotic emotion. 
The very exaggeration of these problems 
because of the abnormal conditions which 
prevailed enabled a more accurate and 
detailed study of the factors involved and 
add^ji gieatly to the value of the reports 
Ind the books which present in concise 
form the results of the investigations therein 
described. 

Between the scientist and the business men 
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and Trade Union leaders a middleman is 
necessary ^hose duty it must be to prepare 
the goods of the scientist for the consumption 
of the business community. This function 
seems most fittingly to be performed by j;he 
economist who translates into terms of in¬ 
dustrial organisation and concrete business 
problems the more abstruse discussions of the 
psychologist and physiologist and shows the 
relationship of the new discoveries to the 
past developments and present tendencies 
of economic life. 


A. SCIENTIFIC "MANAGEMENT 
• Signifies the more essential books. 

1. * Dr. Taylor. The Principles of Scientific 

Management. The best exposition of the 
theory of the moveipent. 

2. Dr. Taylor. Shop Management. A detailed 

account of the organisation and mechanism 
by which Scientific Management can be 
achieved. 

3. Emerson. The Twelve Principles oi Efficiency. 

4. Gantt. Work, Wages and Profit. 

5. * F. B. and L. M. Gilbreth. Applied Motion 

Study. Introducing “instruments of pre¬ 
cision " for measuring motions. 
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(>.* Prof. Hoxie. Scientific Managgment and 
Labour. i A detailed criticism of both theory 
and practice. * 

Drury. Scientific Management: a History 
and a Criticism. 

* B. INDUSTRIAL PSYCHOLOGY 

1. A. F. Stanley Kent, M.A., D.Sc. The 

Second Interim Report on an Investigation 
of Industrial Fatigue by Physiological 
Methods. (Cd. 8335.) 

2. * Health of Munition Workers Committee. 

Interim Report, Industrial Efficiency and 
* Fatigue. (Cd. 8511.) 

3. Reports of the Industrial Fatigue Research 

Board. (His Majesty’s Stationary Office.) 
,4.* Dr. C. S. J^ers. Mind and Work. (Univer¬ 
sity of London rtess. Ltd.) 

5. Dr. J. Drever. The Psychology of Industry. 

(Methuen.) 

6. Industrial Administration. A series of lectures, 

including one by Professor T. H. Pear on 
“ The Applications of Psychology to Indus¬ 
try,” one by Dr. Stanley Kent on " Indus¬ 
trial Fatigue,” and one by Dr. Leonard Hill 
on “Atmospheric Conditions and Efficiency.” 
(Manchester University Press.) 

7. ■fDR. H. M. Vernon. Industrial Fatigue and 

Efficiency. (Routledge and Sons.) Based 
on war-time investigations. 

‘ The Report of the Federal Commission on Industrial 
. Relations. 
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8. B. Mjjscio, M.A. Lectures on Industrial 

Psychology. 

9. * The Journals I-V of the National Institute of 

Industrial Psychology. These journals, for 
the gift of which I am deeply indebted to 
Dr. Myers, contain valuable articles ^d 
reports of investigations, including those by 
Dr. Myers, Mr. Eric Farmer and Mr. Cyril 
Burt. 

10. McDougall. An Introduction to Social Psy¬ 
chology. 


C. ECONOMICS 

!.♦ Sir Wm. Ashley. Scientific Management <and 
the Engineering Situation. Barnett House 
Papers, No. 7. (Oxford University Press.) 

2. J. A. Hobson. Work and Wealth—a Human 

Valuation. (Macmiflan & Co.) 

3. * Prof. Sidney Webb. The Works Manager 

of To-day. (Longmans.) 

4. M. and A. D. McKillop. Efficiency Methods. 

(Routledge.) Chiefly an account of American 
practice and principles, but with valuable 
chapters on its effects on Trasde Unionism. 

5. Dr. Marshall. Industry and Trade, pp. 368- 

394. (Macmillan & Co.) 

Many economists have touched upon this ques¬ 
tion, as for example. Professor Pigou in his tconmies^ 
of Welfare. 
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Dynasties. Seventh Edition, Revised. 

VoL. III. XIXth to XXXth Dynasties. 
Second Edition. 

VoL. IV. Egypt under the Ptolemaic 
Dynasty. J. P. Mahappy. Second Edition. 
VoL. V. Egypt under Roman Rule. 

J. G. Milne. Ihird Edition, Revhed. 

Vou VI. Egypt in the Middle Aoks. 
Hanley Lane Pools. Ihird EdUum. 
(los. nel.) 

SYRIA AND EGYPT, -FROM THE TELL 
EL AMARNA LETTERS. Cr. 9 vo. 5s. net. 
EGYPTIAN TALES. Translated from the 
Papyri First Series, ivth to xnth 
Dynasty. Illustrated. Third Edition. Cr. 
6t». 5s. net. 

EGYPTIAN TALES. Translated from the 
Papyri. Second Series, xvintb to xixtb 
D^asty. Illustrated. 'Ihird Edition. 
Cr. 8tfO. 51. net. 

PolBtt (Arlhw W.), THE ENJOYMENT OF 
MUSIC. Second Edition. Cr. 9 vo. 5s. n 4 . 
PoDSODby (Arthur). ENGLISH DIARIES. 

Second Edition. Demy Svo. sis. net. 
Power {SileiB). MEDIEVAL PEOPLE. 

Illustrated. Crown 8vo. 6s. net. 

Pitoe (L. L.). A SHORT HISTORY OF 
POLFTICAL ECONOMY IN ENGLAND I 
FROM ADAM SMITH TO ARNOLD 
TOYNBEE. 2 -weffth Edition. Cr, 8vo. 
is. net. 

liMU (Bdmuod)— 

Tommy Smith*! Antmau. Tommy 
Smith’s Other Animau. Tommy Smith 
> AT the Zoo. Tommy Smith again at the 
Zoo. Back as. pd. Tommy Smith’s Birds, 
as. 6 d. Jack’s Insects, w. 6 d. Jack’s 
Otmee Insects, y. 6 d. AUlUustsated. 


Smith (Adam). THE WEALTH OP 
NATIONS, edited by Edwin Canman. 
Tim> Volumes, Third Edition. Demy Svo. 
£1, 5S. net. 

Smith (C. Fox). 

Sailor Town Days. Sea Sonos and 
Ballads. A Book of Famous/Suips. 
Ship Alley : More Sailor TowIPDays. 
AH Illustrated. Cr. 8uo. 6s. net. each.. 
The Rlturn op “ The Cutty Sark." 
Illustrated Crown Svo. as Cd. pet. 
Bommerleld (Arnold). ATOMIC STRUCTURE 
AND SPECTRAL LINES. Demy 9 vo. 
32S. net. 

Stevenson (R. L.). THE LETTERS OF 
^ ROBERT LOUIS SIEVENSON. Edited 
by Sir Sidney Colvin. A New Re- 
arrat^ed Edition in Jour volumes. Fourth 
Edition. Fcap. tvo. Bach 64. net. 

Surtees (R. 8.)— 

Handley Cross. 74. 6i. net. Mr. 
Sponge’s Sporting Tour, 74. 6 d. net. 
Ask Mamma : or, The Richest Commoner 
in England, 74. 6 d. net. Jorrocks's 
Jaunts and Jollities, 64. net. Mr. 
Fackv Romford’s Hounds, 7s. 6 d. net. 
Hawbuck Grange ; or, Tl^ Sporting 
Adventures of Thomas Scott, Esc., 64. 
net. Plain or Kinglets 7 74. 6 a. net. 
Hillingdon Hall, 7s. 6ii. net. 

Tstcbell {Frank). THE HAPPY TRAVEL¬ 
LER: A Book for Poor Men. Fourth 
Edition. Qt, 8vo. 74. 6 d. net. 

Thomson (J.^Arthur). WHAT IS MAN? 

Second Edition. Cr SfO. 64. 6 d. netM 
SCTENCE AND RELIGION. CfOiw 8w). 

7s. 6 d net. 

Tllden (W. T.)— 

The Art of Lawn Tennis (Sixth Edition) 
Singles and Doubles (Second Edition). 
Each Illustrated. Crown Svo. 64. net.' 
The Common Sense of Lawn Tennis. 
Illustrated. Crown 6 vo. ss.nel. 

TllestoQ (Mary W.). DAILY STRENGTH 
FOR DAILY NEEDS. Twenty-ninth 
Edition. Medium i 6 mo. 34. 6 d. net. 
UndSrhlU (Evetyn). MYSTICISM. A 
Study in the Nature and Development of 
Man^a '-^Spiritual Consciousness. Tenth 
Edition. Demy 8vo. 154. net. 

THE LIFE OF THE SPIRIT AND THE 
LIFE OF TO-DAY. Fifth EdUion. 
j Cf. 800. 74. 6 d. net. 
iVardon (Harry). HOW TO PLAY GOLF. 

I Illustrated. Eighteenth EdUion. Cr. Svo. 


5S. net. i . 

WsterbouM (EHzsbeth). A LITrLB BOOK 
OP LIFE AND DEATH. Twenty-sedfnd 
EdUion, Small Pott 8t)o. 34. 6 d, 

net. 

Wegener (A.). THE ORIGIN OP CON... 
■nNENTS AND OCEANS. Dmf 8,.. ’ 

104. 6 d. net. 

Wells (J.). A SHORT HISTORY OP 

ROMtt. Nineteenth E^ion. With 3 Maps. 
Cf. 8vo. 54. 

Wilde (Osear). THE WORKS OP OSCAR 
WILDE. Fcaip. 8vo. Each 6 t, 6 d, nek 
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t. Loro Arihor Savils's Cftna amo 
TBB PORTRAJT OR Mr. W. H. If. ThB 
DucHtss OR Padva. hi. Poems, iv. 
Lady Wtndsbmbrb’s Fak. v. A Woman 
OR No Impoktancb. VI. An Ideal Hus* 
OAND. VII. The Impoktancb or Being 
Barest, viii. A House or Fomb> 
CREATES. IX. Intentions, x. Db Prch 
FUNOU AND Prison Letters, xi. Es* 


* 

SAVE. KIT. SaiAke. A Florbntinx 
Tragedy, and La Saints Courtisane. 
XIII. A Critiq^ m Pall Mall. xiv. 
Selected Pr^ or Oscar Wilde. 
XV. Art and Decoration, xvi. For 
Love of the Kino : A Burmeso Masquo 
( 5 S. nel.). 

Teats (W. B.). A BOOK OP IRISH VERSS. 
Fourth Editiw, Cr% 8vr. 71. mt. 


Part II.—A Selection of Series 

, The Antiquary’s Books 

Demy Svo. tos. 6d. net each volume. With Numerous Illustrations 


Ancient Painted Glass in Englani^ 
Archaiolooy and Fai. 5 B Antiquities. 
The Dells op England. The Brasses 
OR England. The Castles and 
Walled Towns of England. Chukcii* 
wardens’ Accounts. The Domesday 
Inquest. English Church Furniture. 
English Monastic Life. English 
Seals. Folk-Lore as an Historical 
Science. The Guilds and Companies or 
Lonouio The Hermits and Anchor¬ 
ites A England. The Manor and 
Manorial Records. The Mboi«val I 


Hospitals or Emoland. Old English 
Instruments or Music. Old English 
Libraries. Old Service Books or 
THE English Church. Parish Life in 
ME oi.evAL England. The Parish 
Registers of England. Remains or 
THE Prehistoric Age in England. 
The Roman Era in Britain. Romano- 
British Buildings and Earthworks. 
The Royal Forests or England. 
The Schools of Mediaival Enoland. 
SuRiNES OR British Saints, 


The Arden Shakespeare 
Gqieral Editor, R. H. CASE 
^ Wide Demy Svo. 65, net each volum 

An edition of Shakespeare in Sin^e Plays; each edited with a full Intro¬ 
duction, Textual Notes, and a Commentary at the foot of the page. 


The ArdsD Sbakespeare has now been completed by the pubUcatioo oi MUCH ADO 
.ABOUT NOTHING. Edited by Grace R. Trekery. 


Classics of Art 

Edited by Du. J. H. W. LAING 
With numerous lU^slrations. Wide Royal Bvo. 


The Art or ‘tre Greeks, 21s. net. The 
Art or the Romans, 165. net. Chardin, 
X5C. net. Donatello, j 6 $. net. Floren¬ 
tine Sculptors of the Renaissance, 
' 2ti. net, George Romney, ijs. net. 
GutRLAMDAio, xji. net. Lawrence, ajs. 


net. Michelangelo, sii. net. Raphael, 
15$. net. Kbhbranot’s Paintings, 63s. 
net. Rubens, 30$. neL Iintometto, 
16$. nek Titian, 16s. net. Turner’s 
Sketches and DRAWiNoSb 13s. nek 
Velasquez, 15$. nek 


The “ Complete ” Series 

Fully Illustrated. Demy Svo 


Tre Complbtb Airman, 16$. net. The 
Complete Amateur Boxer, 10$. 6 d. nek 
The Complete Athletic Trainer, 10$. 6 d. 
nek The Cohplete Billiard Player, 
10$. 6 d. net. The Complete Cooe, xo$. 6 d. 
nek The Complete Poxuuntkr, 16$. nek 
The Complete Golfer, 12s. 64 . net. 
’The Complbix Hockey Player, 10$. 61I. 
. nek The Complete Horseman, 13$. 
net. The Complete Jujitsuan. (Cr. Sto.) 
It. Nti. Cmiputb Lawh Tennis 


Player, 12$. 6 d. net. The Complete 
Motorist, 10$. 6 d. nek The Complete 
Mountaineer, 18$. net. The Complete 
Oarsman, 12$. 6 d, net. The Complete 
Photographer, lai. 6 d. nek The Complete 
Ruoby Footballer, on the New Zea¬ 
land System, 12$. 6i. net. The Com¬ 
plete Shot, i6«. net. The Complete’* 
Swimmer, lot. 6(i. nek The Completi 
Yachtsmam, 132. net. 
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® The Connoisseur’s Library 

Wilhttumerous Illusii^tions. Wide RoyalSvo. £itiis.6d.neieachvolumi 

Enoush CoLOURiD Books. Etchings. Ivories. Jewellery. Mezzotints. 

European Enamels. Fins Books. Miniaturi». Porcelain. Seals. Wood 

Glass. Goldsmiths' and Silversmiths' Sculpture. c 

Work. Illuuinateo Manuscripts. 

Health Series 

Reap, 8uo. 2S. W. net each volume 

The Baby, The Care op the Body. The Lomo. The Prevention op the Common 

Care op’The Teeth. The Eyes op our Cold. Staying the Plague. TiiiioAr 

Children. Health for the Middle* and Ear Troubles. Tudekculosis. The 

Aged. The Health op a Woman. The ^ Health of the Child, 21. ntU 

Health of the Skin. How to Live 

The Library of Devotion 

Handy Editions of the great Devotional Books, well edited 
With Introductions and (where necessary) Notes 
SmaU Pott %vo, doth, 3s. net and 3s. 6<i. nd 


Little Books on Art 

With many Illustrations, Demy i6mo, ss. net each volume 
Each volume consists of about 200 pages, and contains from 30 to 40 
Illustrations, including a Frontispiece ifi Photogravure 
Albrecht DUrbr. The Arts of Japan. tso Boucher. Holbein. iLLVMiNt^BO 
Bookplates. Botticelli. Burne-Jones. Manuscripts. Jewellery. John Hoff* 
Cellini. Christ in Art. Claude. Con* nbr. Sir Joshua Reynolds. Millet, 
stable. Corot. Early English Water* Miniatures. Our Lady in Art. Rafhabu 
Colour. Enamels. Frederic Leighton. Rodin. Turner. Vandyck. Watts. 
George Romney. Greek Art. Greuze 

The Little Guides 

With many Illustrations by E. H. New and other artists, aud from 
photographs, Mapsond Plans 
Small Pott Sue. 4s. net to js. 6d. net each 
Guides to the English and Welsh Counties, an 3 some well-known districts. 
The main features of these Guides are (i) a handy and charming form; ’ 
(2) illustrations from photographs and by well-known artists; (3) good 
plans and maps; (4) an adequate but compact presentation of everything 
that is interesting in the natural features, history, archaeology, and archi* 
tecture of the town or district treated, ^ 

Plays 

Fcap, 8 w. 3 s. 6d. net each 

Milestones. Arnold Benn«U and Edward The Great Adventure. Arnold Bennett 
Knoblock. EltvetUh Edtivm. Fifth Edtiion. 

Ideal Husband, An. Oscar Wilde. At^ng General Post. J. B. Harc^ Ttfry. 

Ed%tttm. Second EdUion. 

Kismet. Edward Knoblock. Sourth Edition, The Honeymooii. Arnold Bennett Thk/i 
Ware Case. The. Geori^ PleydeU. Edition, 

The Sami Star. E. V. X^cri. 
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Sport Series 

Mostly illustrated. Fcap, Suo* 


All Aboct Flying, 3$. ntt. Alpine 
SkMko at All Heights and Seasons, 
$9. SkI'Ino for Beginners. 5s. 
tut. Golf Do’s and Bont’s, 2s. net. 

f 'utCR Cuts to Good Golf, ss. net. 
NSPtuD Golf, ». 6 d. net. Driving, 
ApproIchino, Pottino, 2j. net. Golf 
Clubs AND How to Use Them, 2s.w<. The 
Secret of G<^f for Occasional Players, 
39. net. The Golfing Swing, 39. 6 d. net. 
Golf Rules and Decisions. 39. 6 d. neL 
The Autobiography of a Cadry*bao, 39. w 
net. Lawn Tennis, 29.6t^. Ml. Lawn Tennis 
Do's AMD Dont’b, 39. 6<i. net. Lawn Tennis 


for Young Players, 39. 6 d. net. Lawk 
Tennis for Club Players, 29. 6 d. net. 
Lawn Tennis for Match Players,39. 6 d. 
net. Lawn Tennis for Public Courts 
Players, 3 s. (yi. net. The Technique 
op Lawn Tennis, 39. ( 4 . net. The Lawn 
Tennis Umpire and Referee, 39. 6i. net. 
Hockey, 49. net. How to Swim, as. net. 
Puntino, 39. 6 d. net. Skatin^ 3$. net. 
Wrestling, 39. net. Motor l^'s and 
Dont's, 39. 6i. net. Mah Jong Do's and 
Dont’s. 39. net. Auction I^bidge Do's 
AND Dont’s. 39' net. Billiard Do’s and 
Dont’s. 39. 6 J. net. 


Methuen’s Half-Crown Library 

Crown 8vo. 

Cheap Editions of Popular Books 


Methuen’s Two-Shllling Library 

Fcap. Svo. 

Write for Complete Lists 


Part III.-t-A Selection 

fisnssU (Arnold)— 

Clayiiancer, 89. net. Hilda Lessways. 
89. 6 d, net. These Twain. The Card. 
The Recent: A Fivo Towns Story of 
Adventure in London. The Price of 
Love. Buried Alive. A Man from 
niB North. Whom Goo hath Joined. 
A Great Man : A Frolic. Mr. Prquack. 
All 79. 6 d. net. The Matador or the 
Fivb Towns, 6 s. nek 
Bfrmln^m (Osorgs A.}— 

Sfamish Gold. The Search Party. 

• The Bad Tikis. Up, the Rebels. The 
Lost Lawyer. The GitBAT*GRANDMOTBER. 
Found Money. All js. bd. nek 
Inisheenv, 89. 6 d. nek 
Brendot [John Q.)- 1 ’H£ BIG HEART. 

Third Edi^n. Qr, Svo. 39. 6 d. nek 

Borrongiit fSdgsr Rtes)— 

•The Return of Tarzan, 69. nek The 
Beasts of Tarzan, 65. nek The Son of 
TA itEAM,6i. imL Jungle Tales of Tarzan, 
6 i.ii 9 <. Tarzan AND THE Jewels OF Opar, 
69. nek Tarban the Untamed, 79. 6 d. net. 
Tarzan and the Golden Lion, 6 d. net. 
A I^utts op Mars, 69. net. The Gods 
OF Mars, 69. nek The Warlord or 
. UAftt, 69 . ML Thuvia, Maid of Mars, 
61. nW. Tarsam the Terrible, 39. 6 d. net. 
The ^cker, 69. ml 'The Man rtithout 
A 61. net. The Chessmen of Mars, 
79.6 A> ML At THE Earth's Core, 79. 6 d . 


OF Works of Fiction 

net. Peli.ucipar,79.61/.ML TmiGirlfrom 
Hollywood, 79. 6 d, net, 

Conrsd (Joseph)— 

A Set of Six, 79. 6 d. nek Victory : An 
hUnd Tale. The Secret Agent : A 
Simple Tale. Under Western Eves. 
Chance. AU 99. net. Also Uiilfotra 
Edition. Fcap. 8 vo. 39. 6 d. net each. 
Corelli (Hsrle)— 

A Romance of Two Worlds, 79. 64 . nek 
Vendetta: or. The Story of One For¬ 
gotten, 79. 64 . net. Thelma : A Norwegian 
Princess, 79. 64 . net. Ardath : The Story 
of a Dead Self, 79. 64 . nek The Soul of 
Lilith, 79. 64 . net. Wormwood : A Driuna 
of Paris, 79. 6d . ,iet. Daraobas : A Dream of 
the World'e Tragedy, 79. 6<L net. The Ar¬ 
rows OF Satan, 79. 64 . net. The Master- 
Christian, 79. 64 . net. Temporal Power : 
A Study In Supremaev, 69. Mf. God’s 
Good man : A almple Love Story, 79. 64 . 
net. Holy Orders : The Trag^y of a 
Quiet Ufe, 89. 64 . n 4 . The Miohty Atom, 
79. 64 , net. Bov : A Sketch, 79. 64 . nek 
Cameos, 69. net. The Lips Everlastino. 
89. 64 , net. The Love of Long Ago, and 
Other Storib^ 79. 64 . nek Innocent. 
79. 64 . net. The Secret Power : A 
Romance of the Time, 69. nek Love—and 
‘ niB Philosopher : A Study in Sentiment, 
61. net. Also Uniform Edition. Cfomn 
8eo. 39. 61L Mf MCA. 



Messrs. Methuen’s Publications 


Blektni (Bok«rt)-~ « 

Fslix : Three YearriQ t Life, 7s. VI. net. 
The Woman with the Pan, 7s. 6d. rut. 
The Garden or \luM, is. 6d. nek The 
Call or tub Blooi^ 8s. 61 . rut. Thb 
Dweller on thr threshold, 71. 6d. 
rut. The Way or Ambition, 7s. 61 . rut. 
In the Wildbrh&ss, 7s. (4. rut. After 
TUB Verdict, 7s. ^ rut. 

Bope (Anthony)^ 

A Chance or Am. A Man or Marx. 
Simon Dale. The Kino’s Mirror. 
The Dolly Dialogues. Mrs. Maxon 
Protests. A Young Man’s Year. 
Braumaroy Home from the Wars. 
All 7s. 61 . rut. 

Jteobs (W. W.)— 

Many Cargoes, 5s. REi, Sea Urchins, 5s. 
rut and 3<. 6 d. tut. A Master or Craft, 

64. rut. Light Freights, 6s. tul. The 
Skii'Per’s Wooing, js. net. At Sun* 
wicii Fort, 5s. rut. Diaistonb Lane, 
5s. rut. Odd CRArr, 5s. ntt. The Lady 
OR THE Barge, ss. rut. Salthaven, 65. 
rut. Sailors' Knots, js. rut. Short 
Cruises, 6s. rut. 

Knox (R. A.}— 

Memories op the Future. 7s. 61 . rut. 
Sanctions: A Frivolity. 7s. 61 . rut. 
UndoaUaoW-WHirE FANG. Nirutunth 
Edition, Cr. 8vo. 74. 61 . net. 

Loom (I. V.}— 

Listener’s Lure : An Oblique Narration, 

65. nd. Over Bembrton's : An Easy* 
going Chronicle, 65. net. Mr. Inglesidb, 

rut. London Lavender, 6s. rut. 
Ljvnomarks, 65. tut. The Vermilion 
Box, 6s. rut. Verena in the Midst, 
8s. 61 . rut. Rose And Rose, 6s. net. 
Gbnbvra’s Money, 7s. 61 . rut. Advisory 
Ben, 7$. 61 . net, 

HcKsnoa (Stepbso)-* 

Sonia I Between Two Worlds, 8s. net. 
Ninety-Six Hours’ Leave, 7s. W. rut. 
The Sixth Sense, 6s. nd. Midas & Son, 
8s. net, 

llElet (Lucas)— 

The History of Sir Richard Calmady : 
A Romance, xos. rut. Tub Carissima. 
Tub Gateless Barrier. Dsadham 
Haro. Colonel Emdbrby’s Wipe, AU 
7s. (xL rut. Tub Wages of Sin. 8s. net. 
KaiOQ (A. E. W.). CLEMENTINA. 

lUustral^ NiiUk EdUUm. 7t> 61 . net. 


Iflloe (A. A.)- 

Thb Day’s Play. Thb Houday Roitxo. 
Oncb a Webk. All TV. 61 . Mf, Thb 
Sunny Side, is.net. Also Uniform Edi¬ 
tion. Fcap . 8vo. $ 5 . id. net eacK Tub 
Red House Mystery, 6 a. rut* 

r 

Oxenbam (John)— ^ 

The Quest of the Golobh Rwb. MarY 
All-Alonb. 7S . id, net. ^ 

Parker (Gilbert)— 0 

The Iranslation of a Savage. Whbn 
Valuond came to Pontiac : The Story of 
a Lost Napoleon. An AoihinYureroftiib 
North ; The Last Adventures of “ Pretty 
p Pierre." The Skats of the Mighty. The 
Battle OF the Strong : A Romance of Two 
Kingdoms. Tub Trail of thb Sword. 
Northern Lights. Atl7s, id. rut. Thb 
Judgment House. 3s. 61 . rut, 

Phillpotts (Eden)— 

Children of the Mist. Tub Rives. 
The Human Boy and thb Wab. AU 
7S. id. rut. 

Richmond (Grace S.)— , 

Foursquare. A Court 0 ^ INQUIRY. 
Rufus. All 7s. id. net. 

Rohmer (Sax)— 

The Golden Scorpion. 7a. 61 . rut, Tbb 
Devil Doctor. The Mystery of Dr. 
Fu-ManchiO The Yellow ClaW. Att 

3S. 61. rut. ^ 

Smnnerton (F.). Snopt and Rovsxa. 
September. Tub Happy Family. On 
The Staircase. Coquettb, The Chastb 
Wife. The Three Lovers. All fSt id, 
net. The Merry Heart. The Casement. 
Thb> Young Idea. AU is . rut. ' ■ 

WeiU (H. 0 .). BEALBY. Fourth EdiiUm. 
Cr. 8vo. 7s. 6tL rut. 

wmiarnsoQ (Mrs. C. K.). NAMB THB 
V^MAN. Crown Sw, 7(.6d.n4t. i; 
WilUamsoQ (C. H. and A. H.)— 

The Luhtnino Conductor t 'His $trange 
Adventmes of a Motor-Car. Laay Betty 
ACROSS TBS Water. It HAPPEim IH 
Egypt. The Shop Gotl. My Feseno 
thb Chaupfsur. Set lit SttviE. - The 
Great Pearl Secret. AU 1 $% M tut , 
Crucipix Corner. 6a. AM. 

Wodehouse (P. 0 .). ^ILLcTKIvCON- 
QUEROR. Crom 8 po. 71. 


Methuen’s Hall-Crown Novels 

Oroam Sm, 

Cheap gditioos of many of the most Popular Novetl of ,&day 
, Methuen’s Two-ShlDlng Novels 

* Fcap. Svo. 

WriU for Qemplitt LUtr 

u « 






